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PREFACE. 



AoooBDiMa to the rules of the National Academy of Sciences ' 
it ia the daty of the President, npon the death of any member, 
to provide for the preparation of a biographical memoir of the 
deceased, by appointing some member to perform that duty, 
snch memoir being Bnbseqnently read at a regalar session of the 
Academy. 

By direction of the Academy the Home Secretary has col- 
lected the memoirs that have been so prepared to the close of 
1876, and has published them in the present volume. Others 
will be printed from time to time, as they are delivered, and will 
ultimately be combined into similar volumes. 

WABBtlOTOR CtTT, D«0. 1S78. 
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BIOGRAPHIGAL MEMOIR OF JOSEPH S. HUBBARD 



Mr. Prxsidekt and Oemtlkhxh : — 

The CoDstitntion of our Academy, like the organic law of most 
Academies of Science beyond the seas, provides for the tribute 
of a formal Biographical Notice, pronounced in open seeeion, in 
commemoration of each of our number who may be removed by 
death. For it \a no unreasonable aesumptioa that public beoeGt 
and indiTidnal incentives may be derived from the history of any 
man whose scieutiQc serricea have rendered him worthy of admit- 
tance to yonr number. 

It has been the will of Ood that the firet place in our ranks 
made vacant by death shonid be that of Jossph Sttujuah Hub- 
bard, and in obedience to yonr instractiona I am here to tell the 
simple Btory of his life; — not without a doubt of my own ability 
for the task, yet glad that the lot has fallen to my share, for none 
outside the narrow limits of his kindred could have held him 
dearer. 

l/pon oar roll, Gentlemen of the Academy, are the names of 
venerable men, whose usefulness has extended through a period 
aurpassiug the total duration of most hnman lives, and side by 
side with these are the names of others, who were not yet cradled 
when the former were fiill of honors, and crowned with gray hairs. 
The years of our eldest and yonngest member differ by more than 
half a century. Yet the first summons came, not to any of the 
great masters in science who give its lustre to the new gem with 
which an afflicted but regenerate land would fain crown her 
aching brows ; not to those who might well claim to have finished 
the work on earth which their talents and opportunities seemed 
to mark oat for them; — it came to one of the yonngest in our 
ranks — the forty-sixth of the original fifty in order of age— to 
one whose work seemed chiefly in the future, and from whom we 
expected bright laurels for the Academy and for America. 
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Wheo in April, 1863, we assembled for the great work of 
founding a National Academy, none was more hopeful, none 
more buoyant, none more impressed with the magnitude and im- 
port of onr new duties, than he. It vas the realization of the 
dream of bis maturer years, the new Atlantis of hia Gcienti&c 
aspiration, and hie heart was full of bright anticipations, tinged 
with all the hues which a noble enthusiasm could bestow. 

" A better Three Days for science were nerer spent," he wrote 
to his brother ; and to his pastor in Washiagton, " The inaugura- 
tion of this Academy marks the most important epoch ever wiU 
nesBed by Science in America ; we eay in the world." 

In less than four months after that meeting in New York, hie 
generous, fervid heart had ceased to beat. He died 1863, 
August 16, twenty-one days before the completion of his fortieth 
year. 

The custom has always seemed to me an eminently proper 
one, which prefaces the history of a life by some mention and 
notice of ancestry. For — whether we adopt the European notion 
that the ancestor ennobles his descendant by good deeds, or the 
perhaps more equitable Asiatic idea that honor flows in an as- 
cending course, ennobling those whose nurturing care has thus 
borne fruit — the bond of lineage may not lightly be disregarded ; 
and each day's experience teai^es us anew, that "men do not 
gather grapes of thorns nor figs of thistles." 

I may therefore say that our departed colleague drew bis origin 
^m the early founders of our race, from that Sturdy stock which 
gave character to the Colony of Massachusetts Bay, and shaped 
the civilization of New England. 

His first American ancestor, Mr. William Hubbard, came ont 
at the age of forty in the " Defence," from London, in the year 
1635, and soon established himself in Ipswich, Essex County, 
Massachusetts; which town he represented for eight successive 
years, trom 1638 to 1646, in the Legislature of the Colony. In 
1662, he removed to Boston, where he died in the year 16T0, 
aged seventy>five years, leaving three sons, all horn in England. 

The eldest of tbese sons, and second in the line of descent, 
was the Rev. William Hubbard, a man of much note in his day. 
Bom in 1622, he was but thirteen years old when liis father 
brought him to the new world. He graduated at Harvard Col- 
lege in 1643, and was in 1653 ordained colleagne of Rev. Thomas 
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Cobbett, in Tpswicb, wbcre he remained as pastor uutil his death 
in 1T04; his kinsman. Rev. John Rogers, eoq of the President 
of narvard College, acting as his colleagae dnriog the later 
years of his life. 

This learned and good man was one of the firet historians of 
the early troubles with the Indians. Tvo works on tliis subject 
were published b; him in 16TT, and subsequently republished in 
London in one volnme nnder the title, " The Present State of 
New England." His "History of New England," left by him 
in manuscript, is preserved in the archives of the MasBachnsetts 
Historical Society, and forms Tolnmea V. and VI. of their printed 
"Collections." In 1688, after the departure of President Increase 
Mather for England, be was commissioned by Governor Andros 
to officiate as President or Rector at the Harvard Commence- 
ment, being the oldest clerical Alumnus in Now England ; and 
as there were no graduates in that year, it is recorded in Sewall's 
Diary that be delivered an oration on the occasion, althongh this 
has not l>een transmitted to ub.* His first wife, and the mother 
of bis children, was Mai^aret, daughter of Rev. Nathaniel Rogers, 
and said to have been the great-granddaughter of that John 
Rogers who was burnt at the stake in Smithfield, 1555 — although, 

■ That R«v. WltKam Babbttrd wis a man of no ■mall iodependeDoe 
sDd deciBiOD of oharacttir, may easil/ be inferred from bis vorks ; bat 
other liidioationi of hia meuUI and moral force are not wanting. lu the 
eoattiaUutloal tronbla* of 1367, oonneoted with tbe establisbment of tbe 
"Old Sonth Chareh" in Boeton, be took strong groaod and bore an aotive 
part; and on tbe pnaaage of a vote of oensare npon bimaelf and bis ool- 
leagDea In 1670, hj a aommittee of Ihe Legislatare, be was one of tbe 
nnmber who answered with a protest of snub abllltj' and oonvlnoing force, 
that tbe Legislature replied by an ampis apology. 

JoliD Dnnton, wbo visited bim Id 1686, gires [F»\t, Hist. Ipswiob, p. 
230] the fallowing desoription of Hr. Habbard : " Tbo benefit of natnre 
and the fiLtigne of stndy have eqnallj oontribated to bia eminence. 
Neither are we lass obliged to both than himaett; be rreelrcommnnioatea 
of bis learuing to all who have the happiness to abare in bla oonverae. 
In a word, be is learned without ostentation and vanity, and glvea all his 
prodnatiouB annh a delicate turn and grace .... that tbe fealnres and 
liDesments of tbe child make a clear dlsooverj and distinction of the 
father; yet he is a man of singular modestj, of atHot morals, and has 
done as mnoh for the eonreralcn of tbs Indians as moat men in New 
England. " 
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accordiDg to that accareta inveatigator, Mr. Savage, this claim 
is not well Bobstantiated. 

The several successive generations of oar colloague's ancestors 
seem to have beea, withoat exception, men of moral worth and 
of inflneuce in the commnnity. 

Rev. John Hnbbard, in the fourth generation, was settled in 
1698 at Jamaica, Long Island, where he was distingaished by a 
Christian charity and tolerance remarkable for those days. His 
son John settled in New Haven, where be served the community 
in the various capacities of Fbysician, Colonel, Representative, 
Judge of Probate, and Judge of Common Fleas ; and his de- 
scendants have continued to reside in the vicinity of this beauti- 
ful and classic city.' 

Here our colleague was bom, 1828, Sept. 7 (in the ninth gen^ 
ration from the American founder of his family), being the second 
son of Ezra Stiles Hnbbard and Eliza Church, of New Haven — 
parents to whom be was more than tenderly attached, and whose 
declining years were blessed by his thoaghtfal devotion. Of his 
father, I may quote his own words written three years ago ; "My 
father has done his life's work well Unable from feeble health 
to live the scholar's life to which he had been destined by his 
uncle, Preeideat StUiKS, and honoring learning next to godli- 

■ Th« liiiQ of .draoent !■ u followa: — 
I. WilllBm, b. in EngUnd, 139S; d. Ipawloh, Haw., 1670. 
II. Bev. WlUlam, b. EDglmnd, U22 <H. C. 1642}; d. Ipawioh, 1794, 
Sept. 14; maiTiad Mftrgaret, daughter of Bev. Hatbankl Rngers. 
III. John, a merahant of Boston, b. Ipiwioh, 1648; d. 1710, Jan. »; 

marrinl Ann, danghtKr ol Qov. John Leraratt. 
17. Rar. John, of Jamaica, N. T.,b. Boston, 1677, Jan. B <H. C. 169S); 
d. 1705, Oct. E. [Sea Thompson, Hiat. of Long Island, lit ed., 
p. see ; also Button Mcwi Latter, No. 79, 170(>, Oct. 22.] 
y. Dr. John, of Naw Haveti, b. Jamaica, 1703, Not. 30 <A. H. Tula, 

1730) ; d. 1773, Dot. 30 ; tnarriad, 1724, Bllubeth Stevens. 
VI, Rev. John, of Herlden, Conn., b. New Haven, 1727, Jan. 24 (Y. C. 
1744); d. 178S, Nov. 18; married, 17S0, Jan. 2S, Bebeoca Dicker- 
man. [Sra Heriden Historical Col lections.] 
Vn. Imhc, otHeriden.b. Herlden, I7S2,Nov. 22; married, 1TS2, Deo. 5, 

Jane, daughter of Thomas Berry. 
VIII. Btn Stiles, of New Bavea, b. Heriden. 1794, Hay 13 ; d. 1S61, Aug. 
20; marriad, 1820, Deo. 13, Eltta, daughter of Joalah Chnrch. 
IX. Jnapph fltillman, of WMhhipton, D. C, b. Haw Qaven, 1823, Sept. 
7 (Y. C. 1843). 
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ucsa, he endeavored to give his children everjr advantage attain- 
able for scholarship, deroting his life, labors, and Bcantj means 
to this one object. Precious is hia memoiy." 

From a most interesting and touching sketch of his early life, 
prepared by his admiroble mother, I may be permitted to gather 
some of the incidents of his boyhood illuatmtive of the peculiar 
traits of his character — eamestness, eathusiaam, and eelf-forget- 
falnese, modified by a wholesome lore of fun and fi^ilic, a tender 
suaceptibQity, and an affectionate hatare. From the whole account 
it is manifest that io childhood aa in maturer life ho made for 
himself a place in tbe hearts of all with whom he came in contact ; 
and I think it may be said of him with literal truth, what is so 
rarely true even of good men endowed with far leas force of 
character, that he had not an enemy in the world. 

With him, too, the old and ever new experience came to his 
parents, of the early yearning of an intellectual child for books 
and knowledge, and they afterwards lamented that thia dauger- 
oas tendency was not more carefully held in check. But altbongh 
tbe danger of over- stimulating a receptive brain can hardly bo 
exaggerated, and though the precantions of physical education 
were at that time comparatively disregarded among n^— I see 
no reason for soapicion of any morbid precocity. I venture to 
make tbe following eztracta from the interesting occonuts kindly 
furnished me by his mother: — 

"In his eighth year he suffered a severe course of lung fever, 
and for several weeks after the crisis was past seemed vacillating 
between life and death. After he began to convalesce, it was 
almost impossible to keep his active mind quiet enough to enffer 
tho weakened Irame to recover its tone. Pictures, books, toys, 
everything wo could devise, were put into requisition to smoee 
him. His father saw one day in a store a curious piece of me- 
chanism, a puEzle which he knew would delight the child^int it 
waa an expeneive article, and be hesitated if he ought to purchase 
it. Bnt a second thought of the tired, weary boy decided the 
question. When he put it into Joseph's band, as he aat bolstered 
up in bed, tbe child's eyes fairly flashed with delight. Seeing 
him so much amused at studying its intricacies, I left him .... 
and returning after a while found him utterly exhausted. He 
had taken the toy to pieces to ascertain its construction, and in 
trying to pat it together again, had so used the little strength he 
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had gained as to leave us for manj days to fear a fatal result. 
That was ever ooe of bis peculiaritiea — not to rest autil he nn- 
deretood the hov and why of everything be saw, or at least bad 
learned all that could be learned about it .... It was about 
his ninth year that he began especially to develop his peculiar 
taste for mathematical stadies and mechanics. Though he loved 
play dearly, and enjoyed it with zest for a little while, he had far 
rather spend bis hoars oat of school in trying experiments, en- 
deavoring to make machines, etc One of his great efforts 

was to make a clock. Ho bad been attracted by seeing his father 
wind up the time-piece, and had be^ed to e:camioe it. A day 
or two after I found him in his room, surrounded by a quaint 
collection of bits of board, pasteboard, wire, lead, etc. To the 
question, 'What is the tinker about now?' he replied: 'Mother, 
I'm going to make a clock.' I told him we mast ask his father 
for some tools, and perhaps he would succeed ; and he did succeed 
— constructing a clock in all its parts, with face, hands, etc., and 
which went for a time, being duly mounted on the kitchen shelf, 
and for making which bis only tools were a pair of scissors and 
a jackknife. 

"After that, his father procured him a small chest of tools, and 
from that day he had full employment for every leisure hour. 
The attic was appropriated for his wood-work, and the back piazza 
for bis crucibles, castings, etc. Most of his leisure time before 
entering college was devoted to making a telescope, which proved 
to be quite a good instrnraeat, and which he sold to a gentleman 
from Catskill, soon after he entered college. He made also a 
camera-obscura, which afforded a fund of amusement to himself 
and his playmates, and a press for binding books. As long as 
his father lived he used the blank books with which the boy sup- 
plied him at this time. 

" When fitting for college, while visiting some mechanic's shop, 
in pursuit of material or instruction, he came in contact with 
Ebenezer Mason, who was then one of Tale's enthusiastic astrono- 
mers, and at once there spmng up between the young man and 
the boy a kindly sympathy. Mason introduced the lad to bis 
own chosen associates in study, invited bim to their rooms for 
work, experiments, etc. ; and from that day his scientific life began 
in earnest. N^othing could make him so happy as permieeion to 
spend the evening he could spare from daily lessons with Mason 
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aud Hamilton Smith ; and, when in college, to be iuvited to vatch 
shooting-Gtara or take observatioiia with Mr. Herrick, waa thfl 
greatest boon the world could afford faitn. Hie staDding io college 
was above mediocrity, bnt not what he conld easily have made iL 
Uis mind was so entirely filled with bis own loved department of 
study, that be did not value college honors enough to give the 
needful attention to other branches. 

" In hia sixteenth ;ear Joseph determined to take a pedestrian 
excursion. He set out to visit an uncle residing twenty or thirty 
miles north of us, and bis father furnished him with all be thought 
needful for so short a trip. He had always kept us informed of 
his movements when away ; aud when six days had passed, and 
we received no intelligence from hitn, we began to be eeriously 
uneasy. At length a letter came, mailed in Charleetown, Mass. 
He had heard Mason and Smith talk about a mechanic in Ware, 
who had givea them much information about casting mirrors for 
telescopes, and bad long wished to see the man for himself. So, 
after tanyiog one night at bis uncle's, ho had wended bis way 
np to Ware, and having learned all be could from the man he 
sought, bad proceeded on foot to Charlestown a distance of 1T5 
miles, in order to visit Bunker Hill." 

In 1843, he graduated at Tale College. For a few months he 
remained at home pursuing bis favorite studies, mathematics and 
astronomy ; and in the following winter he taught for a while in 
a classical school. Early in 1844, he went to Philadelphia, as an 
assistant of Walker, who was then beginning his astronomical 
labors, and whose attention had been attracted by the bright pro- 
mise of the earnest and gpR^d youth. Here the contagious zeal 
of Walker added fnel to the flame. Removed for the first time 
from the restraining influences of home, on which he bad learned 
unconsciously to depend, he forgot all prudent care for bimselC 
He observed with Walker at the High School Observatory all 
night, and computed all the day — and I need not add that bis 
health soon gave way. From that time he was subject to a ner^ 
vous excitability before unknown to him, and to an irregular action 
of the heart, from which he suffered much, and which ficRlly ex- 
hausted bis strength and energies — depriving him of that vigor 
of constitution with which he was originally endowed, and which 
might have arrested the progress of his last disease. 

In the autumn of 1844, Lieut, (now Mty'or Qeneral) Fremont 
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offered Mr. Hubbard a position in Washingtoa as computer of 
the observations for latitude and longitude made on his ezpedi- 
tiona across the Rocky Mouatains, and on the Pacific coast. 
These completed, and tiie interest of Prof Bache, CapL Fremont, 
and Col. Beaton, being enllBted in his behalf by his saccessful 
and meritorious labors in Philadelphia and Washington, they 
obtained a promise from Mr. Bancroft, then Secretary of the 
Navy, that his appointment should immediately be made out for 
a vacancy in the corps of Professors of Mathematics in the Navy. 
He was commissioned 1845, May T, and immediately assigned to 
duty at the Washington Observatory, of vhich he continued an 
officer during the remainder of his life. He vas elected a member 
of the National Institute of Washington, 1845, January 14; of 
the Connecticut Academy of Arts and Sciences, 1849, October 
24 ; of the American Academy of Arts and Sciences in Boston, 
1850, August 15 ; and of the American Philosophical Society of 
Philadelphia, 1852, May 1. 

It would be needless, gentlemen of the Academy, did taste not 
forbid, for me to describe to you at any length, the embarrass- 
ments of astronomers, stationed at the Washington Observatory, 
while nnder tbe charge of the late Superintendent. Few of you, 
if any, can have failed to appreciate tbe painful conflict between 
self-respect and official properties — between the emotions of the 
scientist, jealous of his conntry's reputation, and of the subordi- 
nate, whose duty in an establishment nnder military organization 
demanded tacit submission and apparent acquiescence, nnder a 
mortifying or atrocious policy. The sensitive nature of Walker 
found it impossible to endure the trial -, but fais pnpil, Hubbard, 
struggled more successfully. 

Won1d that I might with propriety express my keen sense of 
the deep debt of gratitude due from American science to those 
able and disinterested men, some of them, happily, still of our 
nnmber, who bore the mortification of their position without 
flinching, that they might save the national scientific institution, 
which it was partially within their power to protect, from becom- 
ing a source of national disgrace. They toiled earnestly and 
judiciously for tbe sake of their hope that some small portion of 
their labor might bear fruit, thongh that fruit should not be 
plucked by them. They struggled against obstacles which would 
have deterred most men, in order that the noble instruments might 
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render Rome service to scieace, or at leaet teil to be made imple- 
DieotB of natiooal disgrace. How well tbey succeeded, their re- 
cord bears witness ; and it will bear eternal testimon; to their 
honor, when iu its own good time history sball break the seals 
which the present daj has necessarily affixed. 

A single anecdote from many which might be told, iUnstrative 
of the state of things, may perh^s be pardonable now, i^tbougb 
it would never hare been publicly mentioned by our departed 
colleague, nor with his permission. 

Professor Hubbard was one morning summoned to the presence 
of the Superintendent, who handed him a letter jnst received from 
Germany, and desired iU translation. It contained the announce- 
ment of the discovery of a new comet, together with observations 
of its position on two successive days — an interval of eighteen or 
twenty days having of conrse elapsed since that time. 

" I wish an Ephemeris of this comet," said he, " to be prepared 
withont delay, for publication in the newspaper to-morrow morn- 
ing." Hubbard respectfully suggested that three observations 
were requisite for computing the elements, and that even should 
the comet be found early in the evening, the intervals between 
tbe three dates would not be well adapted for the purpose. 
" Confound the elements, Mr. Hubbard 1" said the Lieutenant, 
using some rather strong expletives; "I want none of your Ele- 
ments, I only want an Ephemeris, and I wish yon would compute 
it at ODce. " 

What the astronomerdid under the embarrassing circnra stances, 
I do not exactly know ; but I suspect tbat the Ephemeris, which 
went to the National Tnlelligencer, was computed by methods 
Deitber of Olbers nor of Bessel I 

The first published observations of Hubbard, so far as I am 
aware, were those by which, on the 4th of February, 1847, he 
confirmed the prediction of Walker as to the identity of Neptune 
with one of the stars observed by Lalande, 1795, May 10. This 
important discovery was made almost simultaneously by Petersen 
in Altona, and by Walker and Hubbard in Washington, and was 
of the highest importance for the accurate determination of the 
planet's orbit. By the employment of this ancient observation, 
and of the pertnrbatioas computed by Peirce, Walker was enabled 
to deduce the orbit of Neptnne with a precision which leaves 



iized by Google 



HATIONAL AOADEBfT OF BClENCXa. 

eren dow vctj little to be desired, and nhich surpasses that 
attained b^ any otlier computer to this present day, 

At the Naval Observatory Hubbard was at once placed at the 
Transit-Instrument, with which he observed for four months ; and 
was transferred to the Ueridian Circle in September. Nearly 
nine hundred transit-obserTations by him may be found in the 
volumes of Washington ObservatioDs for 1815 ; and examination 
has shown them to possess decided value, in spite of the very un- 
favorable circomstancea under which they were made. During 
the remainder of the year he was occupied with the adjustments, 
and in determining the Instmrnental errors, of the Meridian 
Circle. The thorough description of this instrument and diacns- 
sion of its corrections, in the volume for 1846, is from his pen ; 
aa also is the description of the Prime-Vertical Transit. Xearly 
one thousand obaervationa with the Meridian Circle ia 1846, as 
well as the discussion already cited, give token of his activity ; 
but the equal labor of endeavoring to train and instruct many 
others — who were assigned to duty at the several astronomical 
instruments hy the naval routine, although not inclined to astro- 
nomical pursuits, and indeed often affected with distaste for them 
— does not appear. Nor is any mention made of the careful and 
laboriona organization and inception of a system of zone-observa- 
tions, admirably devised and arranged by one of our present 
colleagues in connection with Professor Hubbard, although no 
pnblic acknowledgment of their services in this respect was ever 
made, nor indeed claimed, by either of them. According to the 
plan of these zone-observations (Washington Observations, 1 845, 
App., page 32), the micrometers of the Mnral Circle, Transit- 
Instniment, and Meridian Circle were provided with additional 
declination-threads; additional t rnn si t-th reads were inserted in 
tho field of the Mural Circle, and the micrometer of the Transit- 
Instrument was rotated 90° ; thns rendering it available for the 
measure of differences of declination. The several zones were 
made to overlap by 10' in declination, and the instruments were 
to be employed simultaneously upon nearly the same declination, 
so that a portion of the stars observed by the Mural and Transit 
should be identical. Thus the Transit-Instrument would give 
standard observations of right-ascensions for an adequate number 
of stars in each zone swept by the Mural Circle ; while this latter 
would in its turn give accurate declinations for a sufficient unmber 
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of etam to determine the zones obeerred witb the TraDsit. The 
M«ridian Circle, meanwhile, was to go over the Bame ground in- 
dependeDtlj, and thus all dlEcordaiiceH which might arise from 
inevitable errors of observation would be satisfactorily disposed ot 

These zone-ohservatious were began early in 1846, and con- 
tinued till 1850, and even later ; and a lai^e amount of material 
was thus collected. The aoues observed during 1846 with the 
Ueridiaa Circle were reduced and published (under the soperin- 
teudence of Mr. Ferguson of the Washington Observatory) in 
lt(60 ; a portion of the Mural zones for 1846 had been reduced 
under the superintendence of Professor Coffin before he left the 
Observatory, and a considerable amount of labor hod been given 
by Hubbard to the reduction of the Transits-zones for the same 
year. With these exceptions, nothing had been done toward the 
reduction, on the accession of the present Superintendent in 
1861 ; although in the mean time a similar investigation had been 
planned by Professor Argelander, completely executed by him 
over all the practicable region south of Bessel's limit, and with a 
single instrument, and the results published in 1S52, under the 
title of "Southern Zones." 

But although the great labor bestowed by Coffin and Hubbard 
on the arrangement and execution of this grand scheme proved 
in a great degree futile — ^by reason of the neglect of the observa- 
tions after tbey were made, by the loss of some of them, and by 
the reckless manner in which a large proportion of the work waa 

done the value of the plan and ingenuity of the arrangement 

remain the same. Had the valuable and delicate instruments, 
and the execntion of the work, remwued in charge of astronomers 
rather than of gentlemen, who, however gallant and accom- 
plished in their proper calling as lientenants and midshipmen, 
could not reiisonably be expected to do the work of astronomers 
without the requisite training, aud frequently much to their dis- 
taste had the large sums annually voted by Congress for the 

support of the Observatory been in part devoted to the reduction 
of these observations, and to the detection of the errors lurking 
in the observing books — they would have conferred high honor 
npon American science, and indeed formed by far the noblest 
achievement of practical astronomy in America. As it is, it has 
been found necessary to reject all the zone-observations mada 
since 1849; the remainder consist of a curious combination of 
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obEerrations of the most delicate character and conscieotloaB 
accuracy, with others which are literally beyond criticism ; aod 
the diBTegard of the original plan, and total lack of Bjstem in 
carrying on the work with the different instrnments, baa in great 
measure defeated the scheme, which prescribed that the same re- 
gion should be swept by the Transit and the Mural. Thus the 
zoDcs, wben reduced, do not form a complete catalogue for the 
region over which they extend. Moreover, it has been found 
necessary to determine the zero-points, both for right-ascension 
and for declination, of a large proportion of the zones by ob- 
servations of stars made daring the last two years, at an espendl- 
ture of labor quite comparable with that of the original observa- 
tions of the zones, and yet exposed to all the deleterious influences 
which may be exerted by the unknown proper motion of the 
compariBon-etara daring an interval of from fifteen to eighteen 
years. Tbe reduction of these zones has been essentially com- 
pleted, so that their pnblication may be looked for at no distant 
day ; and of this work a portion of the original excellent organ- 
ization, a considerable part of the earlier zones observed with 
the Meridian Circle, and two-thirds of all the good work done 
with that instrument is due to Hubbard. 

Still, in my desire to do fall honor to the generous and gifted 
man whose loss we monm, I may not do injustice to the living; 
and at the hazard of incnrring tbe disapproval of a colleague, 
happily spared to us, I must add, that for an amonut of intel- 
lectual labor bestowed upon this work, greater even than Hub- 
bard's, and for the exquisite elegance with which the observations 
with the Mural Circle were elaborated and made to give charac- 
ter and finish to the whole work, we are indebted to Professor 
Coffin, whose transfer from the Observatory to the Naval 
Academy was productive of more advantage to the latter insti- 
tution than to the one from which, unfortunately for its welfare, 
he was taken away in 1853. Still bis influence and example 
were not lost, and to Professor Tamall we owe an ample series 
of admirable observations with the Mural Circle, which in con- 
nection with those of Mr. Ferguson at the Equatorial, saved 
the honor of a national institution, at the time when Hubbard 
was precluded by his health from observing, and after the de- 
parture of Coffin ; and have furnished valnable observations in 
an unbroken line from this well-equipped establishment down to 
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the time of its resnacitation under the origiiiftl founder Captain 
Gilliss. 

The most yolaable of Hnbhard's observations vere anqaeation- 
ablf those vitb the Prime>Vertical Transit Instrument. This 
is esseutiallf the counterpart of the one originally designed l^ 
StruTe, and which baa rendered each service at Palkowa. It 
was thoroughly stadied and mastered by Hubbard soon after his 
appointment at the observatory, and the scientific portions of 
the descriptions of the instrnment were fVom the first chiefly 
from his pen. It was not, however, till the be^nning of 1848, 
a year and a half after observations with the Prime-yerltcal 
Instrument had been commenced, that he was ofGcially assigned 
to its charge. The attainment of some definite result concerning 
the long mooted annual parallax of a Lyras, which passes with- 
in 15' of the Eenith of Washington, was an especially cherished 
problem. For many years he labored towards its Bolntion, in 
spite of serious and most vexatious obetaelee. But the maxima 
aad minima of the annual parallax occur at seasons very un- 
favorable to observations in the climate and atmosphere of 
Washington ; and it was chiefly due to this fact, that some 
result was not long ^ce attained. At the regeneration of the 
Observatory in 1861, he was i^ain full of hopefulness and con- 
fidence of an early solution of this favorite problem, as well as 
sundry others. " Tour rejoicing," he wrote, " cannot exceed 
mine ; for it is a constant gratification to see order qnenching 
chaos, ene^y overriding the old slowness, and, above all, our 
own science raising her triumphant head, and banishing the old 
humbug." Even at that period of his domestic bereavement 
and loneliness, it needed only the onwosted consciousness that 
Astronomy might be protected at the only national Observatory 
in the land, to reanimate his spirits, and give him a new stimu- 
lus to exertion. The Prime- Yertical Instrument, like the others, 
was soon put into complete order, and the traces of early misuse 
tboronghly removed ; and in March, 1862, he began a new series 
of observations of a Lyrae. During the period of this series Hub- 
bard completed an exhaustive discussion of the influence of 
irregnlarity of pivots upon the level-reading at different alti- 
tudes ; a determination of the efifect and amount of flexure by 
comparisons of the error of collimation deduced from reversing 
the telescope on a star with that resulting from reversals on the 
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image of tbe threada reflected from nercary in the nadir. He 
bad re-determined the valae of the level divisions, had removed 
some Eerioos discordances axieiDg from a faulty constraction of 
the level, and bad completed tables for tbe more convenient 
reduction of the observations. 

This series of observations he intended to continue for Geveral 
years, but an overruling Providence willed otherwise. His last 
observation was on the 8th of July, 1863, not sixteen pionths 
after the first. Happily he was favored with an able and skil- 
ful collaborator in Professor William Harkness, and found a 
worthy successor. The series is continued by Frosessor New- 
comb, than whom none is more competent to carry out the plans 
of his lamented associate, with all the. enccess that scientific 
ability or earnest devotion can insure. 

Professor Newcomb has investigated the probable error of 
Hubbard's obBerratioua of a Lyree, and finds that of a single 
observation to be bnt 0".155. 

In the early part of the year 1849, It was my privilege to 
become pesonally acquainted with Professor Hubbard, and to 
begin a friendship which knew no clond nntil the last sad sever- 
ance of all earthly ties. For his affectionate soJicitade in time 
of sickness, his sympathy and anpport in evil days, bis cordial 
aid in difficulty, and his enconragement in all good works — a 
debt is due to his memory which words cannot express, and 
which, alas 1 this life affords no opportunity of repaying. 

Withont Hubbard's cordial approval, the plan of the Agro- 
nomical Journal would probably not have been carried into 
execution ; certainly it would not at the time when it was 
actually begun. He aided it in every way — by the promise of 
investigations for its columns — a promise amply fulfilled — by 
stimnlating others both to contribute and to subscribe — by 
frank criticism, by generous incitement and discriminating com- 
mendation. No one could have felt a deeper interest in it than 
he, and of whatever service it may have rendered, a large pro- 
portion is to be credited to him alone. The earliest letter from 
him in my possession, dated June 8, 1849, is almost wholly 
devoted to a dicussion of the various plans we had previously 
orally debated. 

Id the summer of 1849, these plans were essentially matured, 
and after diacussion with Bache, Peirce, Henry, Coffin, Walker, 
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Cbaovenet, and othcra ftlmost eqnallj iDtereeted, thoagh oot tiieni- 
selves engaged in prosecuting the aame departments of inquiry 
(prominent among whom were oar two honored Secretaries, and 
the Editors of the American Journal of Science), it was decided 
to give its origin a sort oi national character bj cansing the first 
public SD^estion to emanate from the American Association for 
the Advancement of Science, which held its second session at 
Cambridge in August, 1849. This work Habbard took cordially 
and zealously id hand. He prepared a communication, which he 
laid before the Association [p. 378], representing the importance 
of the proposed undertaking, and the services vhich it might 
render in the development of astronomy and its kindred sciences 
at that critical period of onr national growth. At his suggestion 
a committee was appointed to consider the salyect, and to bring 
it to the notice of those interested in the advancement of as- 
tronomy. He a^rwards prepared a Prospectus, and labored 
earnestly and with effect, for its wide circulation. 

The six volumes of the Journal contain more than 210 col- 
umns of Taluable contributions Irom his pen — and twice during 
the Editor's absence from the country did Hubbard assume the 
control and editorship. 

The first extended computation of Professor Hnbbard consisted 
in the detennination of the zodiacs of all the known asteroids, 
except the fonr previously published in Germany. In November, 
1848, be presented to the Smithsonian Institution the Zodiacs of 
Vesta, Aatrea, Eebe, Flora, and Melig; and to the first volume 
of the Astronomical Journal, he contributed those of Hygea, 
Parlhenope, and Clio, making the list complete up to that time. 
That of Egeria followed, soon after his satisfactory detennination 
of the elements ; and although be published no others, it was his 
intention as well as endeavor to prepare the zodiac for each sac- 
cessively discovered asteroid. These zodiacs give for each planet 
— assnggeated by Gauss, and computed by him for Ceret, Pallag, 
and Juno — the northern and southern limits of its geocentric 
position for each right-ascension, and enable ns in many cases to 
draw immediate inferences as to the possible identity of any re- 
corded star with the planet in question. It is much to be desired 
that the series of asterojd-zodiacs should be completed, and a key 
thus famished for the solution of many interesting questions of 
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ideotitjr, which have occurred in the past, and muBt present them- 
BeWes hereafter. 

NoDe of ;oQ, QentlemoD, can foil to recall the magnificent 
spectacle exhibited bjr the great Comet of 1813. Through the 
early evenings of March, it trailed like a goi^oua banner of flame 
acroBfi the western sky, the 6rst viaitsnt of its kind within the 
memories of many a full-grown man, and rekindling the awe and 
wonder of those, whose impressions of the cometic glories of 
180T, 1811, and 1819 had become dimmed by time. Its magnifi- 
cent train extended at nightfall nearly parallel with the horizon 
through an arc of some 10°, rivalling the later, tboagh perhaps 
equally splendid, manifestation of the great Comet of 1853. So 
great indeed was its brilliancy while in close proximity to the snn, 
that it attracted thQ attention of the public at high noon in varioas 
parts of North and Sooth America both on the day of its perihe- 
lion, and on the day following. It was seen at 11 o'clock on the 
morning of the 21th, at Conception, and meofiuremente of its 
distance from the sun were made en the 28th, both in Maine and 
in Mexico ; the tail being visible to the length of a full degree, 
at 3 o'clock in the afternoon of that day. The attempts of as- 
tronomers to satisfy the observations led to results singularly 
diverse. Only one characteristic of the orbit seemed beyond 
question — the extreme smallnese of the perihelion distance. The 
close resemblance of its parabolic elements to those deduced by 
Henderson for the Comet of 1668, coald not fail to attract atten- 
tion, and the elements obtained by Peirce from the very unsatis- 
factory observations of the Comet of 1689, which have come down 
to us, exhibit also a decided similarity. Both Capocci and 
Claussen, believing in its identity with both, found themselves 
able to satisfy tho observations by an ellipse of seven years' period. 
Encke, Walker, and Anderson found that the observations could 
be closely represented by a hyperbolic orbit — Boguslawski in 
Breslau advocated a period of 117} years — Walker finally decided 
in favor of an ellipse of 21 J years — while Laugier and Mauvsis 
in Paris, \ico1ai in Mannheim, and others, found the probabilities 
strongly in favor of the period of 175 years— which I cannot bnt 
believe to be the true one. 

This magnificent object fired the zeal of Hnbbard, already 
fascinated as he was with astronomical study and imbned with 
the spirit of research. He was within five months of graduation 
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at Yale, and, from tbat time, he looked forward to a tborongh 
and decifliTe investigatioa of the path of this comet, oa his most 
favorite problem. Aad although some six ^ears elapsed before 
be foand it within his power to begin the long-desired research, 
he then prosecuted it with ao earnestoess which showed no Iobb 
of interest or of eDthasiasm. 

In December, 1849, be published the first part of this masterly 
diseussioaof the Orbit of the Oreat Comet of 1843 — an inves- 
tigation began only a few months before, but hastened for the 
sake of an early contribntlon to the Astronomical Journal. This 
paper occapied a part of eight unmbers, the conclusion appearing 
in Jnly, 1853. It seems to me safe to lay that the orbit of no 
comet of long period baa been more tiioronghly and exhaustiveif 
treated than this. All observations of the comet, of whatever 
kind, whether before published or obtained from the mannecripts 
of astronomers, were anbjected to rigorous scrutiny, and were 
winnowed with a painstaking fidelity which would hare surpassed 
the patience of most men. Especially were the very important 
sextantKibservations, made In the daytime on the 88th of Febru- 
ary by Captain Clarke, at Portland, Maine, and by Mr. Bowring, 
at Chihuahua, discussed with extreme care, and made, after sundry 
corrections, to exert an important influence upon the resultant 
orbit. 

First forming normal places by the aid of one of tbe approxi- 
mate parabolas at hand, Hubbard compnted elliptic elements by 
the ordinary Gaussian method, and thus obtained new normals. 
Determining for these the coefficients of the variations of tbe 
elements relatively to tbe variations of the geocentric co-ordinates 
—and, for the s^e of control, both by Bessel's method and by 
that of Ooetae, be deduced the variations required for satisfying 
the new normals, and thns arrived at a second set of elements. 

Repeating the process, and computing ten new equations of 
condition for new normal places, he obtained a third and fourth 
ellipse, the latter by the assignment of weights to the several 
normals. The amount of outstanding error was thns reduced to 
a very small quantity, and the orbit was sutQciently accurate to 
correct the sextant-observatioDS, and decide sundry points left 
ambiguous by the observer. Thus he found which limit of the 
sun liad been compared with the comet at Chlhnahaa, and was 
able to make the assumption of an error of two minutes in one 
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of the recorded timee of observation, and thus both to render 
the obBorvations accordant, and to show their value. la a 
similar way the nntruBtworthiness of another BextantKtbserva- 
tion was made manifest, and thos prevented from vitiating the 
compntations. The errors of two Bextant-meaenremeotB in each 
place were thus shown to lie within the limits of good observa- 
tion, and the aid of these very important anxiliariea secnred. 

The disturbing forces were computed for each of the six large 
planets for each fonrth day during the period of the comet's 
risibility, and with the series of osculating elements thus ol>- 
tained, be determined the discordances of every accessible observa- 
tion. Here, as everywhere in Hnbbard's worl;, we find the indica- 
tion of his scrupulous care ia controlling his computations by 
the independent employment of different formulas, and of the 
tact by which he adapted various methods to his purpose ; this 
peculiarity, as well as his exquisite elegance in the mechanical 
arrangement, and the beauty of his chirography reminding one 
continaally of Encke, many of whose scientific characteristics 
seem equally to have belonged to Hubbard, thongh the fulness 
of years and opportunities happily accorded to the accomplished 
astronomer of Berlin were denied to our departed associate. 
True to his natare, he computed all the anomalies and radins- 
vectora in duplicate, once by means of a manuscript table to 
supply the reductions needed for Nico!ai'a formulas, which 
proved more convenient than Barker's table for an orbit of eo 
small a perihelion distance, and then again by means of the 
Besselian reduction of the parabola to an elipse. 

New equations of condition were now formed, sixty-six in 
number— weights were empirically assigned to each, and a fifth 
system of elements thus found which absolutely represented the 
Portland observation, and satisfied the two Chihuahua altitudes 
HO admirably that the greatest discordance of the five amounted 
to bnt 31", while the probable error of a normal place amounted 
to 16". Separating the observations made with a ring-micro- 
meter (torn those obtained by the filar micrometer, he was able 
to assign more accurate weights to the several measurements of 
each co-ordinate, and found, as might have been anticipated, 
that the probable error with the ring-micrometer did not much 
exceed that with the filar micrometer for differences of right 
20 
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ascension, while it proved to be nearly in the ratio of 7 to 10 
for difierencea of declioatioQ. 

By a repetition of the process, after assigning carefully com- 
puted weights, as above mentioned, to sixty-five normal equa- 
tions of condition, Hubbard obtained by the method of least 
squares a sixth Bystem of elements, which gave the best possible 
representation to the entire series of observations, and reduced 
the probable error of a normal place to less than 13". 

Here the investigation might well have rested ; for the efi'ect 
of terms of the second order, both in ihe perturbatioDS and iu 
the comparisons, might fairly lie considered as removed, and the 
snms of the squares of the residuals were a minimum. But 
Hubbard was not content to leave any investigation, where there 
seemed an opportunity of prosecuting it further with success ; 
and since the incorporation of observations made with the ring* 
micrometer bad increased the probable errors of the results, and 
since the series with the filar micrometer extended through the 
whole period of visibility excepting the observations by day- 
light, be passed on to still another determination from the filar- 
micrometer observations alone combined with the sextant-observa- 
tions of February 28. From these he constructed eighty-three 
new equations of condition, determined a seventh series of ele- 
ments, reducing the probable error of a single normal to less 
than 8",5, and assigned for each element its probable error. 
The period corresponding to these final element was somewhat 
more than five hnndred years, and it became a problem of much 
interest to determine to what extent the resultant period might 
be varied consistently vrith the probable limits of errors of 
observation. This Hnbbard solved most thoroaghly by an 
ingenious method of determining the variations of each of the 
elements, of the probable errors, and of each normal place, as a 
function of the variation of the eccentricity. So that by sub- 
stituting in these expressions the change of eccentricity cor- 
responding to any suspected period, a few minntea of figuring 
will give as the corresponding elements, the probable error of 
normal places, and the individnal discordances of observations. 
This substitution he carried out himself for the period of one 
hundred and seventy-five yeors, and fonnd that it implied a 
probable error of llj" for a single observation, and no indi- 
vidual discordances beyond the limit of reasonable error ; al- 
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though, to be Bare, a certaia " rate " eeems to be iodic&ted on 
this assumptioQ hj the earlier obscrratioos. The limits of 
periodic time consistent with its observed geocentric path were 
thuB Bhown to be extremely vide ; and Hubbard closed by eng- 
gesting that the vant of coincidence between the centre of 
graTitj and the centre of apparent condensation, as well as the 
operation of polar forces in the comet itself, might perhaps 
modify dednctions drawn vithont consideration of these possible 
Influences. 

I haTe not hesitated, Gentlemen of the Academy, to describe 
this Tolaable memoir with a minnteness of detail qnite unsuitable 
for a popular address ; both becanse its masterly completeness 
and elegance render it a model iuTestigatioD of its class, and be- 
cause Uiese qualities were so characteristic of our late colleague 
that a somewhat minute description seemed well adapted to ex- 
faibit his habita of mind and mode of research. Freserved in 
the Library of Tale College are three quarto Tolumes containing 
the actual nnmerical computations — all executed with marveUous 
neatness and a beanty of penmanship approaching the elegance 
of copperplate engraving — all arranged in due order, and in the 
form most convenient for reference, and all bearing the strong 
impress of the man. Indeed, in every one of his manuscripts we 
may see the reflection of his own cultivated and tastefnl mind, in 
which there was no slovenly comer, or ill-finished record. 

Hubbard's next investigation of magnitude was npon Biela*! 
comet. Four quarto volumes, filled with neat figures, lie before 
me as I write, containing his researches concerning the orbit of 
this most interesting body. They are a priceless and treasured 
memento of oar departed friend, which I owe to the thoughtful 
kindness of his family ; and it is not improbable that foar or five 
years hence they may facilitate the discovery of the origin and 
oatare of the mysterious transformations which this singnlar 
comet has undei^one, and may aid in the detection of the un- 
known laws controlling its physical structure. 

It is known to you all that Biela's comet, as It is generally 
called, is one of short period, performing its entire revolution in 
abont 6j years. It was first seen in Xl'!^, by Montaigne, who 
made three or four imperfect and untrustworthy estimates of 
position, and it was observed four times, quite unsatisfactorily, by 
Mesaier. In 1806, it was detected by Pons; and the general 
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Teaemblance of its orbit to tbe approximate one deduced for the 
comet of 1TT2, attracted immediate attention. Bessel and Oaoss 
computed elliptic orbits on the Gupposition of identity. Tbe latter 
found tbo apparent path aa well represented b; tux ellipse of 4| 
years aa hy his best parabola, thus suggesting the probability 
that there had been six intermediate retams. The places obeerred 
in 1TT3 were, however, not so well satisGed by an ellipse of so 
short a mm'or axis, and therefore while the hypothesis of identity 
seemed plausible, it could hardly be couBidered probable. It was 
not until 1826 that tbe comet was seen agun. In that year it 
was independently discovered both on the 2Tth February, by Too 
Biela, an Austrian captain, on duty at the fortress of Joseph- 
stadt, and by Qambart in Marseilles, ten days later. Upon the 
first computation of tbe orbit, each recognized the identity of the 
comet with that of 1806, and tbe true length of tbe period became 
manifest. 

The next return, in 1833, woe eucceasfully predicted by astrono- 
mers ; at the following one in 1839, it was not discovered; and 
in the winter of 184&-6, a predicted return was for the second 
time observed. But here an unexpected and anomalous phenome- 
non waa exhibited. Tbe comet, which was detected at the close 
of November, was before the end of December seen to be double, 
and the two compoacnta became apparently further and further 
apart, until, at the end of March, their distance from one another 
amounted to more than W. 

It was of course immediately maintained by some that an ex- 
plosion had occurred, and it became a question of great interest 
to all astronomers, when, how, and through what agency the sep- 
aration bad been brought about. And yet another curious cir- 
cnmetance was this: Ihat whereas the northern and preceding 
component was at first bo decidedly the fainter of the two as to 
receive the name of the " companion," while the southerly one 
was regarded as tbe comet proper; — yet this companion, or 
northerly component, gradually increased in brilliancy, until 
about the time of perihelion-paas^^, surpaasing the primary 
nucleus for several days, and then again diminishing in relative 
brightness sa long as observations could be made. 

Hubbard, who had observed this comet at Washington early 
in Jannary, 1846, bad been deeply impressed with these inex- 
plicable phenomena, and no astronomer looked forward to its re- 
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turn in 1852 with more anxiona intereet than he. Wonld two 
independent comets be found traversing the same path f or wonid 
the phenomenon of & double nucleus be a^^ain exhibited f or 
would the two components manifest mntual relations analogous 
to those of satellite and primary, or at least to those of binary 
Stars f Would it be possible for observations of each component 
at the coming perihelion passage to be combined with those made 
at the last retarn, bo that an ellipse conld be deduced for each, 
and the point of intersection thus determined f These and many 
similar queriee were often discussed ; and immediately on the 
completion of his paper on the comet of 1843, he began his pre- 
parations for an equally thorough investigation of Biela's comet 
EO soon as its approaching return to the sun shonld have been 
thoroughly observed. 

For a month previous to the detection of the comet, Hubbard 
had been engaged in the preparation of an ephemeris to insare 
Its discovery at as early a date as possible, and had succeeded iu 
obtaining an orbit decidedly better than Santini's, which was the 
best existing. Bnt the discovery of the comet rendered the pub- 
lication of this ephemeris unnecessary. 

On the 26th August, 1852, Father Seccbi, at Rome, while 
searching for Biela's comet in the neighborhood of the place in- 
dicated by Santini's ephemeris, discovered a very faint nebnlous 
comet somewhat more than 4^° from the place predicted for 
Biela's, and was able to fix its position with great accuracy by 
its transit over a small star of the 9-10 magnitude, which it 
covered at one time so centrally that the comet could only be re- 
cognized by the circumstance that the star seemed enveloped in 
a faint nebulosity. " I do not know," he adds, " whether this is 
a new comet or a portion of Biela's, which was divided in the 
beginning of 1846." 

There seemed but little room for reasonable doubt that this 
was reaily Biela's comet, or one of its component parts ; since its 
position, though varying from the ephemeris, was nearly in the 
same orbit, and the amount and direction of its motion were 
what might have been expected. Bnt all donbt was removed 
three weeks later, when Professor Secchi detected the other por- 
tion of the comet, following its predecessor by about half a de- 
gree of right-ascension, and about half a degree further sonth, 
and fainter even than the other. Owing to this extreme faint- 
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Des8 of both portions, obBeiratioiiB conld only be continned for a 
tittle more thaa ten days after the discovery of the second com- 
ponent. The last return to perihelion took place in 1859, bat 
the position of the comet was bo nnfavorable, that, althongh 
ephemerides prepared by three independent computors, one of 
them Hnbbard himself, agreed very closely, and the most power- 
ful telescopes of the world vere occupied in the search, the comet 
was not seen. 

With this brief sketch of the bistory of onr knowledge of 
Biela's comet, I may, without entering into close detail, describe 
Hubbard's labors and researches concerning it. His pablished 
Memoirs on this subject are three in number, in addition to 
sundry smaller commnnicatioas on special points; such as one 
in which he corrected a eerious error, which had found its way 
into the best European computations of the perturbations in 
1845-6, and explained its probable origin ; and a publication of 
the valnable manuscript observations made by Professor Challis 
in Cambridge, England, during the same period, and sent by this 
distinguished astronomer to Professor Hubbard for employment 
in his investigations. 

The first of these Memoirs is entitled, "On the Orbit of Biela's 
Comet in 1845-6." In this, as in every other memoir of its 
author, the same searching thoroughness and scmpnlous accnracy 
are manifest which I have recounted concerning his investigation 
on the comet of 1843. All known observations were employed, 
no appreciable refinement of method or computation was neg- 
lected; and the materials were so fully and completely discussed 
that it is improbable that any resnlta can ever be drawn from 
them which he did not himself dednce. The principal results of 
this memoir, in addition to the discussion of all the observations, 
consisted in the definite determination of elements for each com- 
ponent, together with their variations for any variation of the 
adopted mean motion; and in the discovery that by far the 
greater part (rf the difference between the two orbits might be 
represented by a variation in the mean anomaly alone. The re- 
sidual errors implied by tbis assumption are very small, much less 
than the errors of individual observations, and in do case exceed- 
ing 8" ; but they are nevertheless too symmetric, and too large 
for his normal places, and he points out, moreover, that some 
difference mast necessarily exist in the mean motions. 
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Id a letter of about thia date (1853, June 8), he writes, jest* 
mg]j : " Bieln slides on emootbiy. 1 don't work now, u on '43, 
wearily and with a 1)^, nor boldlj and with Dpajice i>£}iD|; a 
cliange of Inclination, but D^rely. An allowable (iaoge of 
0".84 in the mean motion will give the places in 1852, within 
34" -f the error of Santini's perturbations, provided I am right 
in assigning the nuclei relatively to each other ; but it is not so 
easy to tell which is which, as I had supposed." 

Hubbard's published investigations reached this point in the 
snmmer of IS58; and be was leisurely preparing the materials 
for a continuance of the work, when the Imperial Academy of 
Sciences of St Petersborg, in December of that year, offered its 
astronomical prize for just such an iuvestigatioD as that on which 
he waa engaged. The distingnished head of tha Observatory at 
Pulkowa wroto specially to suggest the publication in the United 
States of the Programme for the prize; and it may well be bub* 
pected that the very able discusBiou which Hubbard had already 
given might, at least in some degree, have tended to assure the 
astronomers of the Imperial Academy that competent men were 
already enlisted in the investigation, whom the liberal prize 
might at once stimulate and reward. And iu view of the labor!- 
ons and extended computations, which the solution of the prob- 
lem would entail, a period of nearly four years was allowed for 
the preparation of the memoir. Many of Hubbard's friends 
desired him to compete for this prize, which I think there is no 
reasonable doubt would have been won by the memoirs which he 
Bubseqaently published in America. 

But Hubbard's delicate health, together with his earnest desire 
that whatever he might do for science should inure to his own 
country's service, prevented him from yielding to the temptation. 
He considered the matter for a brief period, and then decided 
tbat he " ought not to work against time," and the close of his 
researches was not reached till 1860. 

The second paper, published in July, 1854, is entitled, 
" Kesnlts of additional Investigations respecting the two Nnclei 
of Biela'a Comet." In this short, but very elaborate and impor- 
tant memoir, Hobbard discussed the observations of each nucleus 
in 1853, determining elements for each. And he arrived at the 
very remarkable results which seem now incontestable, " that 
notwithstanding the increased mutual distance of the two nuclei, 
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their alteniatioDS of relative briliiancy were maoh greater than 
those noticed ID 1846 ; bo great indeed, for several daje, asto 
amonnt to alteruatioDB of TieibiJity from day to day ;" aud that 
the obBervatioDB at BeriiD, 1846, November 29 and December 2, 
were of the- primary nueleas, the second being iovisiblfl to the 
observers ; while those of Cbftllis, December 1 and S, were of tbe 
Becondar; , the first being uoBeen. So that it is clear, both that 
we are ia poBsessioD of obaervations of the second DDCleoB, Biade 
in the beginning of December, 1845, before tbe eziBtenc« of two 
nuclei waa suspected, and that even at that time occurred those 
aingalar alternations of light which were repeated ia 1853. 
Farthermore, he made it bif^ly probable that the preceding com- 
ponent, in 1846, was identical with the following one in 1852, 
andvt'ce vered; and finally, that tJie Beparatioo of the nnclei 
maet hare occurred not far from 3)fi° of heliocentric longitude, 
correeponding to a time about five hundred days before tbe peri- 
helion passage of 1846. 

At the close of 1858, Hubbard published a short paper con- 
tajning a condensed notice of the condition of the problem, to- 
gether with new elements for each nuclena, and an ephemeris for 
each at the approaching return of the comet to perihelion. This 
I have not connted aa one of the Memoirs. His third and last 
paper on the subject appeared in May, 1860, under the title, " On 
Biela's Comet" It consists first of an admirable history of all 
our knowledge of this comet, with fall references to the original 
Bonrces, and presents an excellent specimrai of what might be 
called condensed detail. Next it contains an elaborate discus- 
sion of the observations and orbit for every recorded appearance. 
And in the discussion of the last appearance in 1852, ho bronght 
to light a new illustration of the mysterions alternation of brilli- 
ancy between the two nuclei. For he showed, that when, on the 
15th of September, 8ecchi found botfa nnclei and determiaed the 
position of one of them, the new one being too faint for obserra- 
tion, thia so-called " new oue" was the identical nucleus which 
he had discovered in August, and had been obserriug ever since ; 
while the brighter of the two bad then just become visible. " On 
the 16tb, the sonthem nucleus alone was risible; on the 17th and 
18th, only tbe northern; and finally, on the 19th, both were ob- 
served by Secchi. The doable observation was repeated at Rome 
and at Pnlkows, oa the 20th, 23d, and 25th ; while on the 2Ist 
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ouly the eonthera, and on the 22d only the northern, was visible. 
We thus have a most interesting repetition of the alternations in 
1845-6, which now appear more remarkable only in consequence 
of the extreme faintness of the comets, which was snch, that the 
slightest change of light sufficed to carry them within or beyond 
the scope of vision." (Astron. Journal, vi. 140.) 

Finally a recapitulation of the final elements for each aacleng, 
and for all the observationa and normal places, exhausts the sum 
of onr present knowledge of Biela's comet, and leaves ns ready 
for the new iapestigations which its return eighteen months 
hence vrill require. 

Another extended investigation by Hubbard is that upon the 
Fourth CoDiet of 1825. Hansen had long ago found that the oh- 
servations before and after perihelion seemed better reconciled 
by an ellipse than by a parabola ; and Hubbard undertook the 
collection and discussion of all the observations in the hope of 
some definite determination of the major axis. This investigation 
occupied much of his time at irregular intervals for five or six 
years, and was finally published in the spring of 1859. In this, 
as in most of these cometary investigations, a leading object was 
to learn whether the motions of the comets, dtstiuguished by 
their magnitude or yary iog aspect, or hj any other striking pecu- 
liaritj, would prove in aU cases amenable to the law of gravi* 
tation alone. In the case of the comet of 1825, no special fact 
of general interest whs elicited ; but negative results, though less 
interesting, are attained with no less labor and skill than positive 
ones, and are often scarcely less important. Suffice it to say of 
this memoir, that it is complete, and apparently exhaustive ; that 
the elliptic character of the comet is fully demonstrated, although 
its periodic time must be exceedingly long ; and the material de< 
dncible from past observation lies ready for the hands of the 
future investigator. 

I have now spoken, Gentlemen, at sufficient length of the 
larger and more extended memoirs of our departed colleague, 
and have described their characteristic features. Of bis minor 
contributions to astronomy I need say no more than that they 
resemble the larger ones in thoroughness and neatness of concep- 
tion. The columns of the Astronomical Journal, and the pages 
of the Washington Observations, are full of them : elements and 
epbemerides of many a comet and many an asteriod, elegant and 
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appropriate saggeBtioas, generally relating to methods of compD- 
tation, or iDgenioua devices for attaining a desired end with 
economy of labor. 

In the excellent tables appended by Professor Coffin and him- 
self to several volames of the Washington Obserrations ; in the 
redaction and discuBeion of the geographical observations made 
by Lieutenants (uovr Mtyor-OeDerats) Fremont and Emory on 
their varions expeditions ; in the thorongh investigations of the 
several instrnmenta Bucceseively placed in his charge — the accn- 
racy and conscientioasncBS of Hubbard still bear fruit for ns. 

One of his latest labors was an nnpublished Investigation of 
the magnetism of iron vessels, and its effect npon the compasB, 
npon which he was employed nearly to the time when a Perma- 
nent Commission appointed by the Kavy Department undertook 
the same research upon that more extended scale, which the same 
gentlemen have continued till the present time in the form of a 
committee of the National Academy. 

No description of Hubbard's intellectual character could be 
regarded aa complete, that omitted one predominant trait which 
pervaded all bis opinions, and lay deeply rooted in the very 
fonndatiooa of his nature. I mean that deep lovo of truth and 
loathing of all false assumption, which may be said to bear the 
same relation to honesty that honeaty bears to what is called 
" worldly policy." There were few things which hia modest and 
tolerant spirit could be said to hate; but he did hate sham, 
humbug, and charlatanism with all the energy of his soiU. He 
never claimed honor, rank, or position for himself, although he 
hastened to accord all these to othora far less worthy than he ; 
but be was restive at the sight of scientific rewards unworthily 
bestowed by incompetent tribunals ; and bis sterling patriotism) 
and sense of justice not unfreqaeatly united in paining him 
when — 

" He Bttw (he holy wraotha of Fame 
Profaned to dsok ignoble browB." 

Thus far, gentlemen, I have endeavored to describe Professor 
Hubbard to you aa a man of science — showing you the early 
efforts of his mind, and the eager pursuit of knowledge which 
characterized even his boyhood. We have seen what he had 
accompllBhed at the age of thirty-nine ; and alas 1 how much 
more he promised for the future which we hoped for him. But 
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though all litis is doae, I feel that the more difflcalt part of my 
duty to Ills memoiy remains undone ; and I approach it with 
yet greater dietriut of my ability to do it anght. It is compara- 
tively an easy task to trace the working of his tniod, and the 
reBults of his studies ; bnt to show him as some of as knew him, 
OS a son, a brother, a friend, a Christiao, to do him justice with- 
out treBpassing on that privacy which none Talncd more highly 
Hran be, r^ qnii — a-hand of equal delicacy and skill. One assist- 
ance at least the biographer of Hnbbsrd oaf jutL; feel to be 
accorded him— that in that life there is ao record to be concealed, 
no page to be glanced at and quickly closed with pain. Hia 
only choice is what to shuw, not what to bide. 

Our colleague had a kindly, gentle nature, and an affection- 
ate regard for all aronud him. He made his own opportunities 
to help and cheer others, instead of waiting for tiiem. Wa!i a 
friend snccessful, be rqoiced with a cordiality that made him 
twice happy ; in sorrow, he mourned with him, and with a sym- 
pathy that half lifted off the burden. One of the strongest 
affections of bis life was for his mother. He showed her not 
only the natural affection and tenderness of a son, the respect 
due from yonth to honorable age, or tha attachment wbich old 
and cherished associa&ns awaken, bat to the rory last he made 
her his confidante and counsellor. His deepest thonghta and 
highest aspirations, hiaatn^es and his joys, were alike intrusted 
to her ; a precious deposit, which her heart knew how to keep and 
ponder. 

Professor Hnbbard was married at the age of twenty-fire to 
Misa Sarah E. L. Handy, of Waslungtm, on the 37th of April, 
1848. Few men were more fitted than he to eqjoy the comforts 
of a home, or could better appreciate the blessings of his new 
relation ; but there were many clouds to overshadow the horizon, 
aa he himself says in one short note, whose pathos only those 
can nnderstand who know that it was but once or twice in a life- 
time that a mnrmnr escaped his lips. Upon the threshold of 
his home stood alwaya that dreary visitant, Ill-healtb, whose 
dominion over both mental and physical content most of ns 
know too well. Hubbard's own health was never certain, bat 
his wife was a far greater sufferer; and otlen, anknown to her- 
self, her troubles weighed too heavily upon his over-tasked mind 
and sensitive heart Even pecuniary embarrassments, those petty 
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cares that, nnlike deeper gorrows, fail to brace the mind thej 
attack, were not wautJag to stiag his delicate aod geaeroua epirii. 
Each day their peculiar circnmstaQces compelled new ontlajs, to 
be defrayed only f^om means already too slender. Wo can appre- 
ciate their atruggtes, withoat prying too closely into what he 
might have wished forgotten. We can see the stadent compelled 
to forego his cherished pursnita, the man of tender sensitireneaa 
wrung by the Bofferings of those nearest him, the invalid whose 
firail health varied with each new trial. Wo can see all this \ but 
to a spirit snch aa his must have come many a compensation, 
many a blessing won from the dark angels by bitter wrestling. 

" For thmt high latfertng which we dread 
A Idghn Joj diioloae* i 
Hen see the thoma on Jmoi' he>d, 
Bat angelB Ma the rotea." 

^fler eight and a half years of married life, a long desired 
change came to the little honsehold, and with a new joy he wel- 
comed his child. With what hope and happiness he accepted 
the new promise, those who knew him well cannot forget; bnt 
the happiness was all too short. " The little spirit only fluttered 
for a while on the threshold of its prison-bonse, and unconscious 
of captivity took flight forever." Writing to a near friend at the 
time, Hubbard says, " Qod bless you for the interest you took in 
my boy. This is all I can say; for I cannot write of him." Nor 
will I undertake to speak of his grief. Fonr years later, Mrs. 
Hubbard's suffering life terminated ; and her hnsband waa left 
alone, with only the remembrance of a homo. 

Aa a friend I knew Hubbard well, and can bear witness to the 
loyalty and gontleness of his nature. With a gayety never bor- 
dering on excess, a sympathy never exhausted, a kindly tact 
never forgotten, he was a companion such as we rarely meet 
Of his help and encouragement to me personally, I have already 
spoken ; and since I have read the memorials entrusted to my 
care, I see that what he did for me be did for many others, each 
according to his need. 

During the last few years of our colleagae's life, there seems 
to have been some modification, or at least exaltation, of the 
views and sentiments which, perhaps more than any others, tend 
to make each one of us what we are— I mean our sense of per- 
sonal nlaUon to the Deity. That high principle and religious 
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fervor vbich through his life had been a lamp to bis feet, show- 
iDg itself in love to God and iubd, burnt daring these later years 
with a jet brighter flame. Perhaps, indeed, it maj to some of 
ns seem for a moment to have dazzled his risioa, and made the 
shadowB wbieh must darken every thoughtful mind seem blacker 
thaD those ordained by the hand of a loving Father. lu reading 
these last memorials, we cannot but grieve that his pure and 
gentle epirit should have passed through those hours of stru{^le 
which, to our vrsion at least, he seemed to need so little. But 
it is not for ua to scan too cloaely the sacred privacy of these 
emotions. Let us turn rather to their rosnlta. 

He was long connected with the religions society of Rev. Dr. 
Qnrlcy, in Washington; and hia letters to his mother show the 
reliance which he placed upon this excellent man, and the eager- 
ness with which he sought to know and do his Master's will He 
became an elder of the church, and not many months before bis 
death, Superintendent of the Sunday Schools of the Presbyterian 
denomination in the city. In the affections and lives of his asso- 
ciates and pupils, we find the best tribnte to the ability and 
fidelity with which he discharged these duties. 

Among the writings of these later months are varions treatises 
on religious and theological eabjects, and critical comparisons 
and reconciliations of various portions of the Old and New Tes- 
taments ; to alt of which he brought the same power of unweary- 
ing research that characterized his sclentiGc laboni. He attempted 
the mastery of the Hebrew language, and labored zealously to fit 
himself for a more critical study of the Bible. Indeed so earnest 
was his religions devotion that we find indications of some v^ue 
aspiration, or half-formed plan, of renouncing even his scientific 
pursuits in order to enter upon the labors of the Christian minis- 
try. To each one is intrusted his peculiar gift; and we who 
knew Hubbard as a student and minister of science, cannot but 
feel that bis Maker had clearly pointed out the way in which be 
best might serve Him, by devoting a rare capacity and pure heart 
to the study and interpretation of His works. 

Perhaps, gentlemen, we may regret that, even for a moment, 
and from the highest possible motives, he was anfaithfal to his 
earliest choice, and swerved from the path where, as we think, 
he best served God and man. Tet such questions must be de- 
cided by every man for himself, with such light as he may attain; 
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ftnd it viAj be that these varied ezperiences and chaDges of 
tfaoagtit were Beat bim that he might live through the experience 
of maay years dariog the lapse of a few, and might learn as many 
as poBsible of the leseoos of this life during the time allotted him. 
Bat can we do otherwise than honor a creed which bloBSome in 
each deeds ae crowded the last years of Hubbard's life. His was 
DO bigot's seal. It led hun among the poor, the sick, and the 
afflicted. It neat him to the hospitals, where he daily spent his 
hoars of official leisure with the soldiers, giving each the needful 
word of good cheer, or bringing delicacies and comforts to them 
BO far as his own opportunities or those of his friends permitted. 
It inspired him with a tme loyalty to bis country, and endowed 
bim with that spirit of self-sacrifice which shone in every action. 
" The number of letters that bo wrote for wonnded Boldiers," says 
a firiend in writing of him, " was almost incredible. He frequently 
devoted whole afternoons to this one object, I wonder how many 
of the soldiers knew whose bright face it was that was so pleasant 
to them." 

With all these self-imposed duties added to his daily and 
nightly routine of work, who can wonder that his health, always 
80 uncertain, became each month still more impaired; and that 
when the last snmmons came it was so quickly answered f 

Professor Hubbard left Washington for the last time on the 
80th July, 18*3. For a few days previons he had been particu> 
Uriy nnwell, owing to severe exposure in a sudden shower. But 
he had looked forward with peculiar pleasare to a meeting of his 
coll^ classmates in celebration of the twentieth anniversary of 
their graduation ; and he managed to parsne his original plan, 
and reached New Haven in time for the meeting. Bat the deli- 
cate instrument had been too much shattered to recover its tone, 
and its moeic was to be heard no longer. He sufiered severely 
on the journey, end on being assisted into the well-remembered 
house where his mother was awaiting him, had only strength to 
say, "O, how good it is to be at home." His mother pressed 
forward to meet him, and he added those words, which to our 
ears seem so fall of pathos: "Mother, I am worn out" 

.i.Dd so indeed it proved. To the physician who was instantly 

summoned, he only said: "Doctor, help me to a little strength 

to meet my class to-morrow night, and then I will give up." But 

even this gratlHcatiou was denied him and the affectionate greet- 

8 S3 
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iDg that he sent his classnifttes was almost hia last eartfalj att«i^ 
ance. Gradually, but surely, he sank away ; but who could hare 
wished for him a happier dismissal f Soothed by familiar voices 
and pleasant images, tended as id his iiifancy by bis mother, sur- 
rounded by loving faces, the worn-out man may hare felt himself 
a weary child again ; and with a childlike confidence he went to 
rest, on Sunday morning, August 16 — waking, we maj be sure, 
to exclaim once more, " How good it is to be at home." A day 
or two afterwards his mortri part was laid in the qniet cemetery 
near ns, where, two years before, that very week, he bad seen his 
father laid. 

" Sleep tweetly, teDdflr liesrt, In pe&oa ; 
Steap, I10I7 spirit, blessed ■onl, 
Wliila the sUn bam, the mooaa inoieue, 
And the great ages onward roll. 
" Sleep till tUe end, trne aonl and sweet, 
Nothing oomea to thee new or atrange ; 
Sleep, fall o( reat from head to feet ; 
Lie still, Aij dnst, seonre of ehangs." 

Here we leave him. Bat, gentlemen of the National Academy, 
let not the name of the first who left our ranks be soon forgotten. 
Others of those ranks may have emblazoned their names more 
conspicuously, their memory may be yet more secnre of perpe- 
tuity, in tho annals of science. But none of our number can 
claim to have surpassed him in those qualities which make the 
highest glory of a man ; and well will it be for ns if our names 
can be inscribed near his, on the highest of records. 

If oar \ational Academy is to fulfil ita loftiest mission, and 
achieve a work commensurate with our hope and fiuth, let us 
emulate the spirit of him whom we have first been called upon 
to mourn — tho spirit of disintdrestedness, of patriotism, and of 
highest purpose. 
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Ms. PbKSIDENT and GknTLXUXN 07 THE ACADEMT : — 

la conformity with a claose of the ConstitatioQ <rf this Academy, 
and in obedience to yonr instrnctiona, I am here to render the 
tribute of a formal biographical notice in commemoration of one 
who was nnmbered ani<Hig our most venerable and most honored 
associates. If, in the langnageof oneof ourbody, on a previoua 
and similar occasion, "it is no unreasonable assamption that 
public benefit and individaal incentiTes may be deriTed from the 
history of any man Those scientific serrices hare rendered him 
worthy of admittance to yonr Dumber," that assumption must 
have a peculiar force when it applies to one who has "finished 
his course," and has filled a life, protracted beyond the usual term, 
with scientific labors of no ordinary variety and tn^nitnde. 

It is bnt little more than two years since we first met for the 
great and important work of organizing this National Academy, 
and with us — of our number, if sot personally present — were 
" both the gray-headed and very aged men." But, alas I these, 
like autumnal leaves, are rapidly falling away, and already the 
places of a Totten, a Hitchcock, and a Slltiman know them no 
more, save in the records of their lives and deeds, and in the 
grateibl memories of tbeir associates. What a trio of names, 
glorioDS in the annala of science, is this I Well may they be 
incentives to oa, who yet remain to strive that we may worthily 
replace them, and establish for this Academy a reputation for 
uflefnlness and science which their honored bearers have acquired 
for themselves. 

Although there may be many among ua more capable than 
myself of doing justice to the memory of onr departed colleague, 
I feel grateful that the lot has fallen to me. Placed under hia 
command on my first entrance into the military service — almost 
in my boyhood — my relations with him, both personal ond pro- 



iized by Google 



NATIONAL ACADIMT OV BCIEMC£a. 

feBsional, hare ever since been continnoiie and intimate. Under 
obligatiooa to him of no ordioaiy nature, I coald not do other- 
wise than regard bim with rerereace and affection. If I fail, 
therefore, it shall not be becanee my heart is unmoved, nor 
becaase I am iusensible to the magnitude of my task. 

Joseph Gilbert Totten was bom in New Haven, Connecticnt, 
on the 33d of Angnst, 1T88. Bis grandfather, Joseph Totten, 
came from England before the war of the ReTolation, and 
engaged in mercantile parsaits in New York. Attached to the 
canse of the mother coantrj, he left that city, after the acknow- 
ledgmeat of our independence, for Annapolis, Nora Scotia. It 
woald appear that bis two sons remained in this conntry, since 
one of them, Pet«r O. Totten, married in 1787 Orace Mansfield 
of New Haven, a very beautifnl woman, who died a few years 
after her marriage, leaving two children ; the aobject of thiS' 
memoir and a danghter, Susan Maria, who married Colonel 
Beatty, an English officer, and who is still living, a widow, in 
London. After the death of Mrs. Totten, which occorred when 
her infant sou was but thr<?e years old, the father, having been 
appointed United States Consul at Santa Cmz, West Indies, 
took np bis future abode on that island, leaving his son under the 
care of bis matomal uncle, Jared Mansfield, a gradnate of Tale 
College, 1717, and a learned mathematician. The boy continued 
to be a member of Mr. Mansfield's &mily until the tatter removed 
to West Point, having been appointed Captain of Engineers and 
a teacher in the United States Military Academy, then just 
organized by act of Congress of 1803. Young Totten's first 
teacher was Mr. Levi Hubbard, brother to the Rector (at that 
time) of Trinity Church, New Haven ; anerwards his education 
was carried on under the personal superintendence of bis nncle. 
Of the period of hia school-boy life we have some glimpses, 
through the recollections of an old friend and schoolmate, Mr. 
Ralph Ingersoll of New Haven, who Epeaka of bim as a bright, 
soble youth, of fine mind, fond of study, and always at the head 
of his compeers, gentlemanly in bia deportment, and greatly 
beloved. 

Young Totten went to West Point with the family of bis nocle 
in 1802. He waa soon after appointed a cadet. He remained 
at West Point one term, that of 1803, and perhaps part of that 
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of 1804. He was promoted to a Becond lieutenancy in the corps 
of Engineers, Jnly 1, 1805. 

Tlie venerable GcDeral J. G. Swift, recently deceased, his 
brother engineer officer and life-long friend, describes him at 
West Point as "a flaxen-bended boy of fonrteen years of age, a 
good scholar, and to me a most interesting companion." 

Captain Mansfield, having been appointed SnrTeyor- General 
of Ohio and the Western Territories, If orember 4, 1803, induced 
his nephew to accompany him to the West as an assistant on 
that first systematic survey of any of the new States of the 
Union. Here that faculty which so distinguished him throagh 
life, of keen observation of whatever was most interesting con- 
nected with or incidentally brought under his notice by bis pro- 
fessional pnrsnits, displayed itself at this early age in a noteworthy 
manner. The restigee of an earlier race than the red roan, 
which have since been made the subject of the researches of a 
Squier and a Davis, of a Lapbam and of a Haven, and to which, 
during recent times, fresh attention has been directed by the 
developments of the high antiquity of the human race in Europe 
aa shown by similar relics over the surface of that country and 
by the lacustrine remains in Switzerland, attracted his notice 
and were made the sabjects of survey. Although these investi- 
gations were not published, they are, I believe, the first we have 
record of; those of Caleb Atwater, who is called by Sqnier and 
Davis "the pioneer in this department," not having been pub- 
lished until 1819. Full descriptions and measarements of several 
of these mounds, particularly that of Oircleville, were made and 
sent to his friend, J. G. Swift. To most youths of his age those 
remains of structures, built 

" while yet the Qreak 

W&B hewing the Pentellcna to fomiB 

Of BjiDmelij, and resiing on its Bite 

The glittflriog Partheuon," 

would have been passed over with vague curiosity or listless 
indifference. Not so with young Totlen. Although not able, 
perhaps, to perceive all the ethnological importance which has 
since been attached to them, he could yet appreciate them as 
objects of high interest, as vestiges of the races which had in- 
habited the country, and give hts time to their examination and 
measurement. 
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During the two years which he passed in the office of his ancle 
at Lndlow'a Station, near Cincinnati, he was a companion of 
BDTeral young men who subseqaentlj became Goaspicuous, among 
whom were Xicholaa Longworth, Samuel Perry, Daniel Duke, 
Thomaa Pierce, and Peyton Symmes, all of whom are now dead, 
nis tastes, however, led him back to the army (from which he 
had resigned shortly after his promotion), and, February 23, 1808, 
he was reappointed a Second Lieutenant of Engineers, his com- 
mission bearing the same date as tliat of his subseqnent friend, 
brother engineer officer, and professional associate, Sylvanus 
Thayer, of uatioual fame as for so many years Superintendent 
of the Military Academy, and as the officer to whom is mainly 
due its present high grade among the military and scientifio 
institutions of the world. Lieutenant Totten commenced his 
career as a military engineer under Colonel Jonathan Williams, 
the first chief of the corps, and was ei^aged on the construction 
of Castles Williams and Clinton, New York harbor. 

At the commencement of the war with England Lieutenant 
Totten was assigned to duty as Chief Engineer of the army under 
Brigadier-General Tan Rensselaer, in the campaign of 1812, on 
the Kiagara frontier, and in that capacity took a conspicuous ' 
part in the battle of Queenstown. He was snbseqaently Chief 
Engineer of the army under the command of M^jor-Geoeral 
Dearborn, in the campaign of 1818, and of the army under 
Majoi^Qeneral Isard and Brigadier-Ocneral Macomb, in the 
campaign of 1814, on Lake Champlatn. Having been promoted 
to a captaincy in 1812, he was in June, 1813, brerettcd Mtyor, 
for "meritorioos services," and September 11, 1814, Lieutenant- 
Colonel, for " gallant conduct at the battle of Plattsbnrg ;" hia 
efficient services as an engineer in the defensive arrangements 
of that field having contributed powerfully to the successful issue. 

The termination of the war may be considered as the close of 
one period in the life .and services of General Totten, and the 
commencement of another ; or rather it may be said, Uiat the 
events of which we have traced a faint outline were but the pre- 
paration and truning of his mind for the real work of his life. 
Beared under the eyes and gnardionship of arelative distinguished 
for hia mathematical attainments, receiving as extensive a military 
and scientific education as West Point at that early day could 
give, called by his position in Surveyor-General Mansfield's 
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oface, Dot only to exercise the science wEiich tbe duties inTolred, 
bot to take ext«Qded views of onr conotry as to the interconuec' 
tion of its parts, and their relatJODS to commerce or war, then 
practically taught the duties of a military engioeer id what con- 
cerns the defence of harbors, and finally carried tbrongh the 
ordeal of octaal war iu the campaigna of armies in the field, be 
was DOW prepared for the great worlt of his life ; the fortiGcatioo 
of oar seaboard frontier. When I call this the great work of his 
life, I am not nnaware that it is but apart of that work; still 
the most important part, and one to which his other labors nay 
be considered incidental. 

A brief reference to the condition and progress of sea-coast 
defence at that period is here appropriate. Previous to the 
Rerolntion, our seaport towns had not grown into la^e cities, 
nor were there great naval establish me Dts or military depots to 
invite the enterprises of an enemy. Dnring that contest, the 
harbors of Boston, New York, Philadelphia, Charleston, etc., 
had been, to a certain extent, "fortified" against oaval attack, 
by slight earthen batteries, or in some few cases by small and 
(as we would now call them) insignificant earthen forts. A work 
of palmetto logs and sand on Snllivan'a Island, Charleston 
harbor, mounting but 30 guns, decisively repulsed, early in the 
Revolutionary war, the attack of the British fleet nnder Sir 
Peter Parker, consisting of two frigates and six sloops of war, 
canying about 210 guns, destroying four of the smaller vessels, 
and inflicting a loss of 205 in killed and wounded (eleven times 
as many per gnu employed agaiuEt them as the English lost at 
Trafalgar) ; tbas decisively demonstrating the value of fortifi- 
cations, and the snperiority of land batteries to ships. But with 
an immense sea-coast line and sparse population, it was impos- 
sible to hold our seaports against the great naval power of the 
mother country, and the war of the Revolution was mainly a 
contest of land forces. After the attainment of our indepen- 
dence, the importance of fortifying our harbors impressed itself 
on the mind of Qeneral Washington, and the political sta- 
tions which grew out of the French revolution, and which 
threatened to involve the new-bom power of the West, prompted 
early action in this direction. In that day war, thongh a science, 
had not grown into one which makes tributary to it all other 
sciences, as it has since done. Fortification, Indeed, had reached 
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B high degree of perfectioa, but the elaborate treatUea on th&t 
sabject scarcely touched the Enbject of harbor defence, so little 
art was apparently supposed to be inTolved iu throwing up bat- 
teries to defend the entrances of ports. The art of a Vauban and 
Gonnontaigne was little concerned in the war from which we had 
JDst emerged, and the circDmstances were too dissimilar, the 
theatre too large and too thinly populated, the armies engaged 
too small, to afford to the precepts of a Lloyd or a Templehoff 
much apparent appiicability. While the war developed generals 
of anqueetionable ability in the spheres in which they acted, it 
seemed to be conceded, that, for military science, and especially 
for the art of fortification, we must look to Europe. Hence we 
find so many of the early harbor defences of oar principal sea- 
port towns to have been built under the direction of foreign 
officers who had found employment among us, and who did not 
always possess the knowledge of the art to which they laid claim. 

The importance of a Military Academy for the training of 
ofBcera for the military service, and especially for the engineers 
and artillery, had been acknowledged even from the very outset 
of the strnggle for independence. We find even the Continental 
Congress appointing a committee "to prepare and bring in a 
plan of a Military Academy," and the first Secretary of War, 
General Knox, in an official report to the President, discusses 
the subject at mnch length. The establishment of such an insti- 
tution is known to have been a favorite object of General Wash- 
ington, and iu his annual message in 1703 be snggesta the 
inquiry, "whether a material feature in the improvement" of 
the system of military defence " ought not to afford an oppor- 
tunity for the study of those branches of the art which can 
scarcely ever be attained by practice alone;" and in 1796 he 
states that " the desirableness of this institntion hod constantly 
increased with every new view he had token of the subject." 

An act of Congress of 1794 had provided for a Corps of 
Artillerists and Engineers, to consist of four battalions, to each 
of which eight Cadets were to be attached, and made it the 
duty of the Secretary of War to procure books, instmments, 
and apparatus for the benefit of said corps ; and in 1798 Congress 
authorized the raising of an additional regiment, increased the 
number of Cadets to fifty-sli, and empowered the President to 
appoint four teachers of the arts and sciences necessary to the 
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efBciency of this "Corps." Of the four teachers, none were 
appointed prior to J&uanry, ISOl, at which time Mr. Geoi^e 
Barron was appointed teachor of Mathematics, and the institu- 
tion, " which was nothing more than a mathematicat school for 
the few Cadets then in the service," was nominally established. 

It was soon discovered that the regiment of Artillerists and 
Engineers coald not combin? with effect the two duties assigned 
to its members, and a law was therefore framed separating them 
into two corps, and declaring that the Corps of Engineers should 
be stationed at West Point, Ji&w York, and shoald constitute a 
Military Academy. This act of March IG, 1802, which is the 
oi^anic law of the Corps of Engineers and of the Military 
Academy, provided for the appointment of a certain number of 
officers and Cadets' (not to eicceed twenty in all), and declared 
that " the principal Engineer, or In his absence, the next In rank, 
shall have the snperintendesce of the Military Academy, under 
the direction of the President of the United States." 

It is not my purpose here to follow further the history of that 
InstitDtton ; I have alluded to its initiation as a step taken to 
provide for an acknowledged want of the period — an institution 
for teaching the military sciences to young men entering the 
army, and for creating a competent Corpa of Engineere. It 
was soon fonnd, however, that the duties of Engineer officers 
were inconsistent with their remaining at West Point, and them- 
selves constitnting "a Military Academy." Most of them were 
soon called to duties along the seaboard, in constructing our fori:i- 
Gcations, while, as the wants of the service and of the Academy 
have been more clearly seen, the number of Cadets has been 
increased, to snpply not only the Engineers and Artillery, but 
officers of all arms of the service, and the various professorships 
and departments of instraction cow existing have been estab- 
lished. 

As the dntiea of the Corps became more and more extensive, 
its chief, though charged with the ad mi ni strati o a of its aOairs, 
could not be constantly present at the Academy, and it ultimately 
became apparent that the immediate superintendency of such an 
institution was incompatible with his proper functions. In 181T, 

' BeiildM t«n Cadeta of Englneen, toriy Cadsti " at Arttll«r7' >• were 
anthoriied bj Ihla law ; making tnj Codela In all. 
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sa officer selected from tbe corps (Brevet- Major SylracDB Thayer, 
to whom allusion has already beea made) was appointed perma- 
nent Superintendent of the Academy, and made aobject only to 
the orders of the President of the United States. 

Major (afterwards Colonel) Jonathan Willisma, a near relative 
of Dr. Franklin, whom he accompanied, as secretary, to France, 
where he studied the military sciences, and made himself ac- 
quainted with the standard works on fortification, was the first 
Chief Engineer of tiie TJoited States under the law of 1802. 
He was an officer of decided merit, mach beloved by his snb- 
ordinatea, and is justly styled the father of the Corps of Engi- 
neers and of the Military Academy. 

While exercising bis superintendence of the Academy, he de- 
voted himself personally to the fortification of New York harbor, 
and most of the forts which constitute the inner line of defence 
of that harbor — Fort Columbus, Castles Williams and Clinton 
(Castle Garden), and a work similar to the last named, located 
two or three miles higher np the river (Fort Gansevoort) — were 
planned by him, and built under bis immediate BupervlsioD. 

Castle Williams was tbe first " casemated " battery erected in 
this country (built in ISOt-lO), and was planned sHer the system 
of Montalembcrt, with which, as wo have Been, Colonel Williams 
had made himself acquainted in France. This and other works 
of Colonel Williams, though they have been superficially and 
ignorantly criticized, were really meritorions and do not suSer 
by comparison with European structures of the same or even 
much more recent dates. 

The indicatiuns of an approaching war with England, and the 
obvions inadequacy of existing fortifications, bad led to renewed 
exertions, and prompted the works just mentioned and others at 
all our seaports, so tliat when the war broke ont there was not a 
town of any magnitude upon tbe coast not provided with one or 
more batteries. But most of the works so thrown up, before 
the subject hod been studied and systematized, as a whole, were 
defective in design, small, weak, and being built, for present 
economy, of cheap material and workmanship, very perishable. 
In the main, however, they answered their purpose — more, per- 
haps, through an undue respect for them on the part of onr fbo 
than through their intrinsic strength. It was not till after the 
close of the war with England that a permanent syntem of coast 
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defeoce was entered upon by oar goverDment. Indeed, without 
the experience of that war it is doubtful wbetlier a meaeare, 
always bo nnpopular, and generally so little naderatood as a 
national syetem of fortifications, conld hare gained the sapport 
of Congress, and of the people. A " Board of Engineers" was 
constitDted in 1816, with iDstnictimis to make examinations of 
the Bea-coast, and to prepare plans for defensive works, snbject 
to the revision of the Chief Engineer and the sanction of the 
Secretary of War. 

Tip to this period the Military Academy had maintained a 
sort of embryo existence, withont definite form or a prescribed 
system. The anntial term of study lasted from April to Novent- 
ber, all the intermediate months being vocation No fixed num* 
her of terms was necessary to gradoation, nor was it prescribed 
what sbonld be studied. Some Cadets remained but a eisgle 
term before being commissioned; others, several years. Al- 
though this period produced ofScers who afterwards became 
highly distingniahed in engineering (as well as in other branches 
of military art), it is not surprising that the government yet 
entertained the common notion that only in Europe, and espe- 
cially in France, could high military science be found ; nor that, 
in undertaking so vast and costly a work as the fortiflcatioo of 
our sea-coast, distrust should have been felt in the unaided 
abilities of our own engineer officers. A distinguished French; 
engineer. General Simon Bernard, was invited to this country, 
and as "Assistant" in the Corps of Engineers (an offico created 
for the purpose by Coi^ess), made a member of the board which, 
as first constituted, November 16, 1816, consisted of himself oa 
President, Colonel William McRee, and Lieutenant- Colonel 
J. Q. Totten. In 181T, Colonel Totten was relieved, and ap- 
pears to have been stationed at Rouse's Point, Lake Ohomplain, 
in charge of fortifications at that place, and the board to have 
been composed of Brigadier-Oeneral J. Q. Swift, Chief Engi- 
neer, Brigadier-General Bernard and Colonel McRee ; but 
Colonel Totten was again made a member in 1819, and (both 
General Swift and Colonel MoRee having resigned) the per- 
manent board cams to consist of Bernard and Totten alone, and 
the labor of working out tbe fnndamental principles of the 
system, and of elaborating the projects of defence for the great 
seaports, thus devolved mainly upon these two officers, though 
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naval officera of rank and experience were associated with them 
wheDerer their ezaminatione incladed positiooB for dock-yards, 
naval depots, or other objects which conceraed the uaval service. 

Though the advent of a foreign officer, and hia aBsignment 
to this dnty, under the anomalous designation of "Assistant" 
ID the Corps of Engiaeers, natnrallj caused some feeling, jet 
it can scarcely be doubted that the infloence of the proceeding 
was beneficial. If in Swift, McRee, Totten, Thayer, and many 
others, were found high engineering abilities and acqairements, 
it is no less true that professional association with such a man 
as Bernard was calculated to stimnlat« to higher attainments 
and more zealons exertion. The spirit of emulation alone wonid 
induce our own officers to prove to the country that they were 
not inferior to others. To high military and scientific acquire- 
ments and great experience in his professional duties, Qcneral 
Bernard united to the qualities of an amiable and accomplished 
gentleman the tact to adapt himself to his peculiar position with- 
out wonnding the pride of those with whom he was thus asso- 
ciated. The prestige of his name aided powerfully in sustaining, 
with the administration and with Congress, the measures which 
the board found necessary to recommend, and iu establishing 
firmly, as a part of our national policy, the system of sea-coast 
defence by fortifications. In recounting the origin and growth of 
the system, it is but just to give that name an honorable mention. 

By tho Board of Engineers of which I have been speaking a 
series of reports was drawn np, which, mostly from the pen of our 
departed associate, form his best memorial, and exbihit in a 
masterly manner the principles of sea-coast and harbor defence, 
and their application to our own country In a paper of this 
kind it will not be out of place to give some idea, at least, of the 
arguments and views contained in these documents. An elabo- 
rate report of 1826, from which I quote, gives a general risumi 
of the principles which have gnided the labors of the board, and 
of the results arrived at. 

" Tho means of defence for the seaboard of the TJnited States, 
constitating a system, may be classed as follows : First, a navy ; 
second, fortifications ; third, interior communications by land 
and water ; and fourth, a regular army and well-organized 
militia. 

" The navy mnst be provided with suitable establishments for 
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coDstruction and repmr, statiooa, harbors of rendezrous, and 
ports of refnge, all secared b^ foTtifications defended b; regular 
troops and militia, and sopplied with men and msteriaU by the 
lines of intercommnnication. Being the only species of offensive 
force compatible with our domestic institntions, it will then be 
prepared to act the great part which its early achievements have 
promised, and to which its high destinj- will lead. 

" FoTlificationa mast close all important harbors against an 
enemy, and secure them to oar military and commercial marine ; 
second, must deprive an enemy of all strong positions where, 
protected by naval anperiority, he might fix permanent quarters 
in DOT territory, maintain himself daring the war, and keep the 
whole frontier in perpetual alarm ; third, mast corer the great 
cities from attack ; fourth, mast prevent as far as practicable the 
great avenues of interior navigation iiram being blockaded at 
their entrances into the ocean ; fifth, mnst cover the coastwise 
and interior navigation by closing the harbors and the several 
inlets from the sea which intersect the lines of communication, 
and thereby farther aid the nary in protecting the navigation of 
the country ; and sixth, must protect the great naval establish- 
ments. 

"Interior communications will conduct with certainty the ne- 
cessary supplies of all sorts to the stations, harbors of refuge, and 
rendezvous and the eBtablishments for construction and repair, 
for the nso both of the fortifications and the navy ; will greatly 
facilitate and expedite the concentration of military force and 
the transfer of troops from one point to another ; insure to these 
also nnfailing supplies of every description, and will preserve un- 
impaired the interchange of domestic commerce even daring 
periods of the most active external warfare. 

" Th« army and mitilia, together with the marine, constitute 
the vital principle of the system. 

" From this sketch it is apparent that our system of defence is 
composed of elements whose numerous reciprocal relations with 
each other and with the whole constitute its excellence ; one ele- 
ment is scarcely more dependent than the whole system is on 
any one. Withdraw the navy, and the defence becomes merely 
passive ; withdraw interior Gommnnications from the system, and 
the navy must cease in a measure to be active for want of sup- 
plies, and the fortifications can offer bat a feeble resistance for 
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want of timely reinforcements ; withdraw fortifications, and there 
only remaina a scattered and naked navy." 

The relation of the navy to fortifications is one of those sab- 
' jecta not always well appreciated, and hence the cause of mis- 
chievous notiona and mach misrepresentation. No pains are 
spared in these reports to make this subject clearly understood. 
After the quotation just given, Colonel Totten remarks: — 

" It is necessary to observe, in the first place, that the relation 
of fortifications to the navy in a defensive system is that of a 
sheltering, succoring power, while the relation of the latter to 
the former is that of an active and powerfal anziliary ; and that 
the latter ceases to he efficient as a member of the system the 
moment it becomes passive, and should in no case (vre allude 
to the navy proper) be relied on as a substitute for fortJGcatioDS. 
This position may be easily established. 

" If oar navy be inferior to that of the enemy, it can afford, of 
course, unaided by fortifications, but a feeble resistance, single 
ships being assailed by whole fleets ; if it be equal, or superior, 
having numerous points along an extended frontier to protect, 
and being nnable to concentrate, because ignorant of the selected 
point of attack, every point must be simultaneously guarded : oar 
separate squadrons may therefore be captored in detail by the 
concentrated fleet of the aUacking power. If we attempt 1o 
concentrate under an idea that a favorite object of the enemy is 
foreseen, he will not fail to push his forces npon the places thus 
left without protection. This mode of defence is liable to the 
further objections of being exposed to fatal disasters, although 
not engaged with an enemy, and of leaving the issue of conflict 
often to he determined by accident, in spite of all the efforts of 
courage and skill. If it were attempted to improre upon this 
mode by adding temporary batteries and field works, it would be 
found that besides being weak and inadequate from their nature, 
the most suitable positions for these works must often be neg- 
lected, under a necessary condition of the plan, that the ships 
themselves be defended ; otfaervrise they mnst either take no 
part in the contest, or be destroyed by the superior adversary." 

It is hardly to be expected ^at a system afibrding so much 
room for discussion, and by its importance inviting it, shonid, 
especially in this country, escape adverse judgment. Militmy 
and naval men, congressmen, and even cabinet officers have as- 
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sailed it, c&lled in qnestioD the priucipleB od which it ia based, 
or denied the jndiciuusnesa of their application-. The forms and 
Bources of assault have been varied, but there has been realty no 
great difTereoDO in the substance, of which, perhaps, as good an 
expression as any may be found in these dogmas, forming the 
pith of a criticism from no less a source than the Secretary of 
War, Mr. Cass, approved by the President, Qeneral Jackson : — 

" Ist. That for the defence of the coast the chief reliance 
shoatd be on the Navy. 

" 2d. That in preference to fortifications, fioating batteries 
shonld be introduced wherever they can be used. 

" 3d. That w« are not in danger of large expeditions, and con- 
seqnently, 

" 4th. That the system of the Board of Engineers comprises 
worbs which are unnecessarily la^e for the purposes which they 
have to fulfil." 

Owing to tJiese strictures, the House of Representatives, by 
resolutions of April 9, 1840, called upon the War Department 
for a report of a full and connected system of national defence. 
The duty vas committed by the Secretary of War to a board of 
officers of the army and navy, among whom was Colonel Totten, 
and by whom the report was drawn up. It was entirely ap- 
proved by the Secretary of War, Mr. Poinsett, and is universally 
admitted to be one of the most able and comprehensive exposi- 
tions of the whole subject of sea-coaet defence extant, and a com- 
plete Kfntation of the objections made to our existing systems. 
The discQssioD of the first and principal proposition — that of 
defence by the Navy — is bo interesting and instructive, that, 
though long, I Teotnre to quote it :-~ 

" The opinion that the navy is the true defence of the country 
is so acceptable and popular, and is sustained by such high au- 
thority, that it demands a careful examination. 

" BefOFe going into this examination, we will premise that by 
the term ' navy' is here meant, we sappose, line-of-battle ships, 
Agates, smaller sailing vessels and armed steamships, omitting 
vesseb constructed for local nses merely, such as floating batteries. 

" For the purpose of first considering this proposition in its 
simplest terms, we will begin by supposing the nation to possess 
but a single seaport, and that this is to be defended by a fleet 
atone. 
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" By remainiDg conatantly within tbts port, our Qoet wonid be 
certain of meetiDg the enemy, should he assail it. Bat ir inferior 
to the eDemy, there would be no reason to look for a succesaful 
defence ; and as there wonld be no escape for the defeated ves- 
sels, the presence of the fleet, instead of averting the isane, 
wonld only render it the more calamitous. 

" Should our fleet he equal to the enemy's, the defence might 
be complete, and it probably would be so. Still, hazard, some 
of the many misbaps liable to attend contests of this nature, 
might decide against ne ; and in that event, the consequences 
would be even more disastrous than on the preceding supposition. 
In this case the chanceB of victory to the two parties would be 
eqnal, but the consequences very unequal It might be the 
enemy's fate to lose his whole fleet, bat he could lose nothing 
more; while we in a similar attempt would lose not only the 
whole fleet, but also the object that the fleet was designed to 
protect. 

" If superior to the «nemy, the defence of the port wonld in 
all respects be complete. But instead of making; an attack, the 
enemy would in such case, employ himself in catting np oar 
commerce on the ocean ; and nothing conid bB done to protect 
this commerce without leaving the port in a condition to be suc- 
cessfaliy assailed. 

" In either of the above cases, ttie fleet might await the enemy 
in front of the harbor, instead of lying within. But no advan- 
tage is apparent from such arrangement, and there wonld be 
superadded the risk of being injured by tempests, and thereby 
being disqualified for the duty of defence, or of being driven oBT 
the coast by gales of wind ; thus for a time removing all opposi- 
tfon. 

" In the same cases, also, especially when equal or superior to 
the enemy, our fleet, depending on having correct and timely 
notice as to the position and state of preparation of the enemy's 
forces, might think proper to meet him at the outlet of his owd 
port, or intercept him on his way, instead of awaiting him, with- 
in or off our own harbor. Here it must be noticed that the enemy, 
like ourselves, is supposed to possess a single harbor only ; but 
having protected it by other means, that his navy is disposable 
for offensive operations. If it were attempted thns to shut him 
within his own port, he, in any case but that of decided inferiority, 
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wonid not heeit&te to come ont and risk a battle ; becanse if de- 
feated, he could retire under shelter of his defepcea to refit, and 
if RDCcessfnl, he could proceed with a small portion of his force 
— even a single vessel would safBce — to the capture of our port 
now defenoeleas, while, with the remainder, he would follow up 
his advantag^e over our defeated tcsscIs, not failing; to pursue 
into their harbor, should they return thither. 

"Actual superiority on our part would keep the enemy from 
volunteering a battle ; but it would be indispensable that the 
snperioritj be steadily maintained, and that the superior fleet be 
constantly present. If driven off by tempests, or absent fhim 
any other cause, the blockaded fleet would escape, when it wonld 
be necessary for our fleet to fly back to the defence of its own 
port. Experience abundantly proves, moreover, that it ia in vain 
to attempt to shut a hostile squadron in port for any lon^^h of 
time. It seems, then, that whether we defend by remaining at 
home, or by shutting the enemy's fleet within his own harbor, 
actual superiority in vessels is indispensable to the security of 
our own port. 

" With this superiority, the defence will bo complete, provided 
oar fleet remain^ within its harbor. But then, all the commerce 
of the country upon the ocean mast be left to its fate ; and no 
attempt can be made to react offensively against the foe, unless 
we can control the chances of finding the enemy's fleet within his 
port, and the still more uncertain chance of keeping him there; 
the escape of a single vessel being sufficient to cause the loss of 
oar harbor. Let ns next see what will be the state of the ques- 
tion on the supposition of numerous important ports on either 
side, instead of a single one ; relying on onr part still exclusively 
on a navy. 

" In order to examine this qnestion, we will suppose our adver- 
sary to bo fortified in all his harbors, and possessed of available 
naval means, equal to our own. This is certainly a fair supposi- 
tion ; because what ia assumed as regards his harbors is true of 
all maritime nations, except the United States ; and as regards 
naval means, it is elevating our own strength considerably above 
its present measure, and above that it is likely to attain for years. 

" Being thus relatively situated, the first diSerence that strikes 
ns is, that the enemy, believing all bis ports to be safe without 
the presence of his vessels, sets himself at once about making 
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oar aeu aod shores tbe theatre of operatioDs, while we are left 
without choice in the matter; for if he thiuka proper to come, 
and we are not present, he attains his object without resistance. 

"The next difference is, that while the enemy (saving onl7the 
opposition of Providence) is certain to fall upon the single point, 
or the many points he may have selected, there will exist no pre- 
rions indications of his particular choice, and, consequently, no 
reason for preparing onr defence on one point rather than an- 
other; so that the chances of not being; present and ready on bis 
arrival are directly in proportion to the number of our ports, 
that is to say, the greater the number of porta, the greater the 
number of chance^ that he will meet no opposition whatever. 

" Another difference is, that tho enemy can choose the mode of 
warfare as veil as the plan of operations, leaving as little option 
to us in the one case as in the other. It will be necessary for us 
to act, in the first instance, on the supposition that an assault 
will be made with his entire fleet ; becanse, should we act other- 
wise, his coming in that array would involve both fleet and coast 
in inevitable defeat and ruin. Being in this state of concentra-- 
tion, then, ^ould the enemy have any apprehensions about the 
result of a general engagement, ahonld he be nnwilling to pat 
anything at hazard, or sbontd he, for any other reason, prefer 
acting by detachments, he can, on approaching the coast, disperse 
his force into email squadrons and single ships, and make Bimnl- 
taneons attacks on numerous points. These enterprises would 
be speedily consummated, because, as the single point occupied 
by our fleet would be avoided, all the detachments would be un- 
opposed; and after a few hours devoted to burning shipping, or 
public establishments, and taking in spoil, the several expeditions 
would leave the coast for some convenient rendezvous, whence 
they might return, either in fleet or in detachments, to visit other 
portions with the scoui^e. 

"Is it insisted that onr fleet might, notwithstanding, be bo 
arranged as to meet these enterprises ? 

" As it cannot be denied that the enemy may select his point 
of attack out of the whole extent of coast, where is the prescience 
that can indicate the spot? And if it cannot be foretold, how is 
that ubiquity to be imparted that shall always place our fleet in 
the path of the advancing foe ? Suppose we attempt to cover 
the coast by cruising in front of it, shall we sweep its whole 
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length F — a dietance Bcsrcelj less than that vhich tbe enemy most 
traTeree in passing ftom his coast to onrs. Must the Quif of 
Mexico be swept as well as the Atlantic f or shall we gire np the 
Gulf to tbe enemy f Shall we cover tbe Sonthem cities, or give 
them np also f We mast unquestionably do one of two things ; 
either relinqQish a great extent of coast, confining onr cruisers to 
a Htnall portion only, or include so much that tbe chances of in- 
tercepting an enemy would seem to be oat of the question." 

The report then goes on to discuss the nsea for defeusive par- 
poses of gunboats, floating batteries and steam batteries, as dis- 
tinguiahed from the navy proper. Admitting their usefulness, 
and even, in some cases, their neceesity, it argues, with great 
force, that they are not a substitute for, and cannot supersede 
fortifications, and it sums up its argument concerning naval de- 
fence with tbe following broad propositions, to which it challenges 
opposition : — 

" IsL If the sea-coast is to be defended by naval means esclu- 
sively, tbe defensive force at each point deemed worthy of pro- 
tection mnst be at least equal in power to the attacking force. 

" 2d. As from the nature of the case there can be no reason for 
expecting an attack on one of these points rather than on another, 
and no time for transferriug our state of preparation Itom one to 
another after an attack has been declared, each one of them must 
hare assigned to it the requisite means; and, 

" Sd. Consequently this system demands a power in the defence 
as many times greater than that in tbe attack as there are points 
to be covered. 

" There has been but one practice among nations as to tbe 
defence of ports and harbors, and that bas been a resort to for* 
tifications. All the experience that history exhibits is on one side 
only; it is the opposition of forts or other works, comprehended 
by the term fortification, to attack by vessels, and although his- 
tory aSbrds some instances wherein this defence has uot availed, 
we see that the resort is still the same. No nation omits cover- 
ing tbe exposed points upon her seaboard with fortifications, nor 
hesitates in confiding in them." 

Tbe moat prominent cases of snch successful attacks, viz. : 
Copenhagen, Algiers, San Joan de Ulloa, etc., are then described 
and discussed, to show that tbe deductions drawn from them are 
erroneous, or that they are not cases in point, or that the disas- 
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trons resnlt has been owiog to the neglected condition, imperfect 
armament or unskilful and inadequate defence of the forts. 

The report, of which I have given some of the maia points, 
may be said to hare silenced oppoaitioa to onr system of forlifi- 
catioDS for the next ten years ; but, in a form modiGed by the 
alleged changes in the condition of the country, increase of popu- 
lation, constraction of railroads, etc., it ^aia found cspressionin 
a resolntion of Congress in 1851 ; and the Secretary of "War, to 
enable himself to respond, called npon numerons distinguished 
army and navy ofScera for an expression of their opinions. The 
following qnestiona were addressed to several of the principal 
Engineer officers, among whom the Chief of Corps, General 
Totten :— 

" 1st. How far the invention and extension of railroads have 
superseded or diminiebed the necessity of fortifications on the 
seaboard f 

"2d. In what manner and to what exteut the navigation of the 
ocean by steam, and particularly the application of steam to 
vessels of war, and recent improvements in artillery, and other 
military inventions and disboveries, affect this qaestion F 

" 3d. Uow far vessels of war, steam batteries, ordinary mer- 
chant ships and steamers, and other temporary expedients, can 
be relied npon as a substitnte for permanent fortifications for the 
defence of onr seaports ? 

" 4th. How far the increase of popnlatioa on the nothem fron- 
tier and of the mercantile marine on the northern lakes obviates 
or diminishes the necessity of continning the system of fortiSca* 
tions on these lakes ?" 

General Totten's response to these critical interrogations is, as 
usual with him when this great subject has to be dealt with, full 
and exhaustive. The following pithy paragraphs exhibit his 
views on the inflnenee of railroads. 

" Suppose a hostile fleet to lie in front of the city of New York, 
— which nothing would prevent, if the channels of approach were 
not fortified— in what way could the 100.000 or 200,000 new 
men poured into the city and environs by railroads, althongh 
armed with muskets and field-pieces, aid the balf-million of 
people already there ? It seems to me very clear that these ad- 
ditional forces would, like the population of the city, be atterly 
powerless in the way of resistance, with any means at their com- 
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mand ; and, if resistance were attempted by tbe city, would but 
serre to svell the list of cBBualtiea, unless tliey siiould at once 
retreat beyood the range of fire. If tbe enemy's expedition 
were intended, according to the second Bupposed mode of attack, 
for inrasion, or occopation for some time, of a portion of the 
country, then, in many places, this resource of railroads would 
be of value, because then tbe duty of defence would fall upon the 
army and militia of the country; and these communications would 
swell their numbers. 

"But of all circumstances of danger to the coast, this chance 
of an attempt by an enemy to land and march any distance into 
a populous district is least to be regarded, whether there be 
or be not such speedy mode of receiring reinforcements, and our 
system of fortifications has little to do with any such danger. In 
preparing against maritime Bssaults, the Becurity of tbe points to 
be covered is considered to be greatly augmented whenever the 
defence can be so arranged as to oblige an enemy to land at some 
distance ; for the reason that opportunity is thereby allowed, in 
the only possible way, for the spirit and enterprise of tbe people 
to come into play, 

" Instead of being designed to prevent a landing upon any 
part of tUe coast, as many seem to suppose, and some allege in 
proof of extravagant views on the part of the system of defence, 
the system often leaves this landing as an open alternative to 
tbe enemy, and aims so to cover the really inportant and danger- 
ous points as to necessitate a distant landing and a march 
towards the object through the people. It is because tbe expedi- 
tion would easily accomplish its object without landing, and 
without allowing the popalation to partake in the defence, that 
the fortiGcatioos ere resorted to. For instance, without Fort 
Delaware, or some other fort low down on Delaware Say, on 
enemy conid place bis fleet of steamers in front of Philadelphia 
by the time his appearance on the coast had been well announced 
throughout the city. And in qiite of all Ifew Jersey, Delaware, 
and lower Pennsylvania, be could levy his contributions, and 
bum the navy-yard and shipping, and be away, in a few hours. 
But being obliged, by the fort above mentioned, to land full 
forty miles below the city, the resistance to his march may he 
safely left to the couri^e and patriotism that will find ample timo 
to array themselves in opposition." 
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OoncflrDiDg the application of eteam to vessels of war be bajb:-— 

" Tbe application of steam to reasela of war acts upon the 
question of Gea^oast defence both beDeficiall^ and injuriously. 
It acta injuriously in several way's; but chiefly, first, by the 
anddennesa and surprise with which vessels may fall upon their 
object, and pass from one object to another, in spite of distance, 
climate, and season ; and, secondly, by their ability to navigate 
shallow waters. 

" The first property, by which squadrons may run into our 
harbors, outstripping all warnings of their approach, affords no 
chance for impromptn preparations ; accordingly, whatever oar 
preparations are to be, they shonld precede the war. It seems 
past all belief that a nation having in commieaion — as France 
and England always have — a large number of war steamers, 
ready for distant service in twenty-four hours, receiving their 
orders by t«legraph, capable of nnitiog In squadrons, and in 
two or three days at most speeding on their several paths to fall 
npon undefended ports — it is not to be expected, I say, that 
they should delay such enterprises nntil temporary resorts could 
be got ready to receive them. And yet there are those who 
insist that we should leave defensive measures to a state of war, 
that we should let the day supply tbe need I 

" Inadequate as all such measures must prove, there would not 
be time to arrange even these. By the second property, due to 
their light draft of water, these vessels will oblige the defence 
to be extended in some form to passages or channels or shoals 
that were before adequately guarded by their ^allowness. The 
bars at the mouth of the Mississippi formerly excluded all but 
small vessels of war, and the strong current of the river made 
the ascent of sailing vessels ezeeedingly oncertain and tedloas. 
Now these bars and currents are impediments no longer. And 
all the armed steamers of Great Britain and France might be 
formed in array in face of the city of If ew Orleans before a rumor 
of their approach had been hoard. 

"Had the English expedition of 1814, attended by a squadron 
of armed steamers, arrived at the month of the Mississippi, a few 
transports might have been taken in tow, and in a few hours the 
whole army would have been before the city. Or twelve or 
fifteen snch steamers could have carried the whole army up in half 
a day, without the delay of transports. Will it be contended that 
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the attack in that form would have been repulsed witii the means 
then in Oeneral Jackson's bands ? Would the landing, or even 
the presence on board these steamships, of the British troops have 
been necessary to bum the city or pnt it under contribution t 
Is there anything now, bnt the existence of forts on the rirer, to 
prevent the snccess of such an attack by fifteen or twenty 
steamers of war, allnred there by the vastly increased magnitude 
of the spoil V" 

White the enemy's means of attack are thus enhanced by the 
use of war-steamers, General Tottcn contends that they cannot 
be relied npon, as a sobetitnte for fortifications, for defence. 

"I do not assert," he says, "that armed vessels would not be 
nsefnl in coast defence. Such an idea would be absurd. I shall 
even have occasion to show a necessity for this kind of force, in 
certain exceptional cases. It is the general proposition, viz., 
that armed vessels, and not fortifications, are the proper defences 
for our vulnerable points — a proposition the more dangerous, 
because seemingly in soch accordance with the well-tried prowess 
and heroic achievements of the navy — ^Ihat we have now to con- 
trovert 

"Boston, New York, Philadelphia, Baltimore, Charleston, and 
New Orleans are, we will suppose, to be guarded, not by forts, 
bat by these vessels, on ^le occurrence of a war with a nation 
poBsessiDg large nav«l means. We know that it is no effort for 
such nations to despatch a fleet of twenty line-of-battle ships and 
frigates, or an equal number of war steamers, or even the com- 
bined mass — both fleets in one. 

" What, then, shall we do at the above-named ports severally ? 
Each is Justly felt to be an object worthy of an enemy's efforts, 
and each would be culpable in sending elsewhere any part of the 
force required for its own defence. Each, therefore, maintains a 
naval force equal, at least, to that the enemy is judged to be able 
to send promptly against it. Omitting any provision for other 
places scarcely leas important, what is the result J It is, that we 

■ The ezpprienca of th« Rebslllon Iiu proved the tmtb of (General 
Tottau'a wordi. Themomenttbe/ord were puged.lhaoitj- of Na<r Orleans 
vas, notwllhatandiug the land foroes under Lovsll, at Commodoro Farra- 
gat'» meroj. I luve allnded elsewhere k> tlie failnro of the torts. 

W 
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maintsiD within the barbors of, or at tbe entrance to, tbese places, 
chained down to this passive defence, a force at least six times as 
large as that of tbe enemy. 

"He does not hesitate to leave his port, becaose it will be pro- 
tected in his absence by its fortlBcations, which also afford him a 
sure refiige on his return, fie sails about tbe ocean, depredating 
upon our commerce with his privateers and small cmisers, putting 
our small places to rausom, and in other wajs followiog up appro- 
priate duties ; all which is accomplished n itbout risk, because 
our Sect, although of enormous magnitude, must cling to ports 
which have no other defence than that afforded by their presence. 
They cannot combine against him singly, for they cannot know 
where be is ; and must not, moreover, abandon the object which 
they were expressly provided to guard. 

" It would really seem that there could not be a more impolitic, 
inefficient, and dangerous system, as there could not certainly- he 
a more expensive one." 

I have thus extensively quoted from the reports of General 
Totten, because they are themselves the best expressions of the 
life labors and services of the subject of our memoir, and because 
I think they treat of matters which should bo, in an eminent 
degree, interesting to the members of this National Academy, 
and which, moreover, should demand its attention. 

To preserve the continuity of my subject, I have followed 
these reports down to a late date. It is necessary now to revert 
to an earlier period. It has already been observed, that aa soon 
as the original Board of Engineers had sufficiently matured the 
general system of defence, and completed plans for the works 
first required, its members applied themaelTes to the duty of 
construction. In 1823, General (then Colonel) Totten took 
charge of tbe construction of Fort Adams, Newport harbor, and 
continued on this duty, making his residence in the town of 
Newport, until December, 1838, the dato of his appointment as 
Chief of the Corps of Engineers. This work, the second in 
magnitude of the fortifications of the United States, is one of 
the best monuments of genius as a military engineer. From its 
peculiar relations to the land defence, it called for the applica- 
tion of most of those rules of art, and many of those special 
arrangements which form the themes of treatises npon " fortiG- 
calion," and which, generally, have but a very limited applica- 
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tion to works of harbor defence. In these respects it has no 
parallel with ns, and in the treatment of the case and happjr 
adaptation of means to the end, Colonel Totten exhibited ft 
mastery of all the details of the art, which proves his technical 
slfill and minute knowledge to be fnlly equal to the power of 
broad generalization I have already endeavored to illustrate. 
Bat Colonel Totten found here yet another field for professional 
Dsefdtness — another tract to explore. The art of the civil engi- 
neer (I aae the phrase in its application to mere congtruction, 
whether it be of a military or civil work) was yet in its infancy 
in this conntiy. Our resources in building materials were 
almost unknown, their qualities and adaptabilities to different 
purposes of constmctiou undeveloped. Thus far the matter had 
excited little attention ; the building material, whether brick or 
stone, limo or timber, nearest at band was indiscriminately used, 
and its aggregation left mnch to the skill of the mechanic. In 
commencing conetmctions on so great a scale, it was of the first 
importance that the work should be both durable and economical ; 
a result only to be attained by the most careful solection of 
materials, and the most skilful manipulation. Besides, our forts 
called for arrangements unknown in other branches of bnilding — 
arrangements for which the execution and the most suitable 
materials had to be studied out ob initio, since on many of these 
points there were neither experience nor extant mies to gnide. 

In the years 1830 and 1831 a series of experiments was insti- 
tuted by Colonel Totten at Fort Adams, on the expansion and 
contraction of building stone by natnral changes of temperature, 
and the effects of these variations on the cements employed to 
secure the joints of stone copings. An account of them was 
prepared under his direction by Lieutenant (now Professor) 
W. H. C. Bartlett, a member of this Academy, and published 
in the American Journal of Science for July, 1833. The 
methods employed were at once simple and ingenious, and the 
result was such as to leave no doubt that in this climate the 
joints of copings formed of stone of four or five feet in length 
will always be insecure, no matter what description of cement 
may be employed to close them. 

This result is one of great practical importance. Previously 
to the experimental examination of the subject by Colonel 
Totten, the walls of our most expensive works of masonry were 
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protected by copiogs cemeoted at their joints ; and while the 
failare of t^e cemeat was constantly noticed, th« cause of the 
failare was not nnderetood. The experiments showed that the 
cbanges of longitudinal dimensions of granite coping-stones, five 
feet only in length, onder the extreme temperatures to which 
they were exposed at Newport, would be sufficient to palrerise 
the hardest cement between them, or to leave cracks in it thicker 
than common pasteboard. With marble as a materia, these 
destructive effects are considerably increased, and with sand- 
Btone, nearly doubled. 

About the same time. Colonel Totten caused some experi- 
ments to be made to ascertain the relative stiffaesB and strength 
of the following kinds of timber, viz., White Pine (Ptnus 
ttrobus), Spruce (^Abtea nigra), and Southern Pine {Pintu 
auatraiia), also called Loiig>leaved Pine. 

These experiments, made by faia aasistant, Lientenant T. S. 
Brown, of the Corps of Engineers, were published in the Ameri- 
can Journal of Science and Art, and afterwards, having been 
reviaed by the author, in the Journal of the Franklin Institute, 
a note being added, the calculations extended, and practical 
inferences drawn therefrom. This memoir and additions are 
found in Tol. TIL, new series. Journal of the Franklin Institute, 
1831. Lieutenant Brown's account concludes with the follow- 
ing remarks: — 

"In Tredgold's carpentry, and other similar works, may be 
fonnd the constant numbers (a) aod (c) for nearly all the kinds 
of wood useful in the arte ; but besides that the numbers are in 
many iustances calculated from insufficient experiments, most of 
the specimens used in the trials w^e of European growth, and 
of course the results obtained are inapplicable to American 
timber, though bearing the same name. It is much to be desired 
that numerous aud accurate experiments be made in this country 
by those having the requisite zeal and opportunities ; our archi- 
tects will then know with certainty the qualities of the different 
kinds of woods they are using, and instead of working at haeard 
aud in the dark, as they now too often do, they will be guided 
by the sure light of practical science to certain and definite 
results. If these experiments contribute ever so little to the 
attainment of so important a result, the object of their publica- 
tion will be fuliy accomplished." 
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A subject of soch rital importance in the art of cooBtrnctioa 
as the composition of mortars could not fail to invite, or rather 
compel, the reaearches of Colonel Totten. No Bpeciee of masonry 
is sntgect to such eerere deteriorating infiaences aa the walla 
and arches of fortifications, especially ia onr climate ; bo eerere, 
indeed, that tbey almost drive the engineer to despair. Next 
only to the importance of having the building etones or bricks 
of a suitable character, is that of uniting them by a strong and 
durable morUr. Few persons vbose attention has not been 
called to the subject conceive its magoitDdo, the variety of 
materials it embraces, and the laborious investigatioDS to which 
it has given rise. Colonel Totten commenced his researches at 
an early date, and continned them actively during the whole 
period of his connection with Fort Adams. 

His work on " Hydraulic and Common Mortara" was published 
in 1838 by the Franklin Institute of Philadelphia. It contains, 
besides original experiments and observations on mortars, hy- 
draulic cements, and concretes, translations of essays by Trens- 
eart, Pttot, and Conrtois, the best French writers on the same 
eobject, and constitntes to this day an authority relied on by 
American engineers. Colonel Totten's ejcperiments extend over 
the period from 1625 to 1838 ; they are especially valuable for 
the variety of limes and cements, and the tests of different 
modes of slaking the lime, mixing the mortars, and preparing 
the cements and concretes. The mortars wore tested, after 
periods ranging from five months to four years and five months, 
for tenacity, by the force reqnired to separate two bricks joined 
together by means of them, and for hardness by the weight which 
they would support, applied over a small circular area. The 
experiments on concretes or factitious atones are equally compre- 
hensive, being directed to the composition and consistency of tlie 
cement whether best used as a stiff mortar or a semi-fluid grout; 
to the effect of additions of common lime and sand or rounded 
pebbles and gravel, and to ascertaining the proportion of each 
that would be used to the best advantage. The results devel- 
oped by these investigations are of the greatest value, and having 
been applied in the construction of the fort, have now had the 
test of many years' experience. 

It would be almost impossible to enumerate the various objocts 
of Colonel Totten's researches while at Newport, There is 



iized by Google 



HATIONAL AOASEUT OP SCIENCES. 

Bcarce a subject connected with the art or BcieDce of the engi- 
neer, civil or military, which did not engage his attention, and 
of which he has not left eome record. The thickness of sus- 
taining walla, the thmet of arches, among the more importaat, 
and the composition of stnccoes, of paints, lackers, washes for 
Stone or brick work, among the less so, may here be mentioned. 
Perhaps no period of his life is su interesting and so affection- 
ately remembered by his professional associates. Indeed, a large 
proportion of the young officers of the corps of those days passed 
a portion of their time under his command, and acquired their 
first professional experience in the performance of daties under 
his eye and direction. The disposition to cultivate science, 
physical and natural, led him to original researches, while his 
influence stimulated and led to improrcment the educated young 
men who from time to time came into bis military family. Fond 
of exercise, bodily and mental, he sought in natural history, as 
in geology, mineralogy, and conchology, objects for the long 
walks and drives conducive 'to health, while the arrangement of 
the specimens, their care and classification, and the study of the 
habits of the animals which occupied the shells, gave scope to 
his wonderfnl powers of observation. Instead of finding his 
yonng officers a trouble, he was fond of their companionship, 
snggesting modes and objects of experiment, and encourt^ng 
them to do so likewise, thus culttvating originality of thought. 
His laboratory was at their service, and his companionship and 
example at their disposal. After a day's labor he retired to this 
laboratory, glad to have with him such of the young companions 
of the day as desired to join him. The honored President of 
this Academy can recollect, year after year, the computations, 
under Colonel Totten's direction, of the thickness of revetments, 
the analysis of minerals collected in tlio field, classifications of 
shells gathered in days' walks on the sea-shore, discussions of 
the curious structure of geological specimens in the neighbor- 
hood of I^ewport, and of the curious minemlogical specimens of 
the upper portion of Rhode Island, which he encouraged them 
to find. So upon the fort itself, the various researches which I 
described were marked out for successive experimenting, with a 
generosity to his assistants which almost persuaded them that they 
were original with them. The determination of the measures 
used in laying out the fort and the practical apparatus employed 
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in the measure meuts, received bis careful stud^. Tbe practical 
character of these works impressed itself npon the minds of tbe 
yonng officere, and furnished tbe fitting complement to the 
theoretical training received at West Point. 

Not least pleasant among the memories of this period of 
Colonel Totten's life, to those who had tbe good fortune to be 
associated with him, is the recollection of the social enjoyments 
of bia honse. Married in 1816 to Catlyna Pearson, of Albany, 
he was surronnded by a young family, among whom his happiest 
moments were spent, and to whom be was everything that such 
arelation can imply. None could be happier in bis social inter- 
course. Qenial and eminently hospitable, he cultirated as a 
duty those smaller amenities of society by which tbe cares of 
life ore lightened, and its joys augmented. iHis boose was the 
home of bis friends, and was seldom without some one of them. 
Though dignified and coniteonsly reserved in bis intercourse 
with the external world, few more highly enjoyed real humor, 
or could with more true bonhommie give themselves np to tbe 
gayety of tbe moment. In his relations to bis young officers he 
was kind and affable, encouraging freedom of expression, and 
inviting inqniry in everything that related to professional matters, 
while there was always that in bia manner which inspired the 
most profound respect and forbade undue levity of conduct in 
bis 'presence. 

Before quitting tbe scene of bo important a portion of Colonel 
Totten's otGcial labors, it is proper to remaric that, in addition 
to the dnties of his particular charge, he' as a member, end for 
tbe last six years President of tbe board of engineers, was 
engaged in the planning of the new works for which Congress 
from time to time made tbe necessary appropriations.' To this 
duty he usually devoted the winter months, during which all 
construction on Fort Adams was suspended. In the execution 
of bis designs be was usually assisted by young officers of the 

■ By the BugnlktioiiB, tbe local engisoer ofSoer, upon whom the eon- 
■trnotlon of the proposfd work wag to de<rol*e, wis tx officio a, mfinber 
of th« board. This brought together during th« winter months engineer 
officers from varioua pttrts of the ooantry— from the ihores of the Gulf, 
from the seahoRrds of North and South Carolina and Georgia, aa well as 
from nearer points, and added not a little to the ohann of the profFsstonal 
and MMilal lifa of tha yoani; euglneer oOtoera at Newport. 



ilzed by Google 



NATIONAI, ACUDXMY 01 BCiKMCEB. 

corps, who found theKio a pmclicol application of the theoretical 
knowledge acquired at West Point inatniGtiTe and useful. 

The works of harbor improvement on the seaboard and on 
the lakes were likewise under the control and direction of the 
Engineer Bureau^ and Colonel Totten, thongh not directly 
engaged therein, was not infrequently called od to inepect and 
advise concerning them. Most of these, and especially those 
of tbe Lake shores, affording carione and interesting problems 
in this branch of civil engineering, and bis reporta and notes 
on these subjects, yet extant, are additional proofs of the wide 
range of bis profeaaional knowledge and of his powers of accu- 
rate observation aud of akilfnl deduction (rom the phenomena 
of natnre. 

Colonel Totten was appointed Colonel of the Corps of Engi- 
neers and Chief Engineer, Dec. 1, 1838. At this time the con- 
struction of Eort Adams was so far advanced towards comple- 
tion OB to need no longer bis personal enperviaioo, and the city 
of Washington became thenceforth bis home and the seat of bis 
official dntiea. Identified as we have seen with tbe origin and 
growth of the great system of sea-coast defence of the United 
States, it was eminently proper that he should become the head 
of that bureau of the War Department to which ita execntion 
was committed, and no one conld be more eminently fitted for 
that important station. 

At the date of his appointment the system of coast defence 
had been for about twenty years in pn^nress of construction, 
and during that period most of those ports and harbors of the 
United States deemed most important to ourselves or most 
assailable by a naval foe had been, at least, partially fortified. 
At many such points, indeed, no new work had been as yet con- 
structed, owing to the existence of forts or batteries more or 
less adequate bnilt before or during the war of 1813. These 
works, where possible, were absorbed into the new system with 
some repairs and alterations. Among such points may be men- 
tioned the harbors of Portland, Portsmouth, 'Sew London, Phila* 
delphia, Baltimore, and Charleston. New and powerful works 
had, however, been bnilt or far advanced to completion, for the 
defence ot Boston, Newport, New York, Hampton Roads, the 
Savannah River, Pensacola, Mobile, and New Orleans. Bat 
the strictures on the system, to which we have before made 
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reTereoce, proceediog from such an aatbority as the Secretary 
of War and eanctioned by the President, had not failed to shake 
the confidence of Congress and of the people. For several 
years the aoDual appropriations bad been wholly denied or made 
BO inadequately that the work bad languished and at some points 
had been wholly snspended. Bnt however mncb opposition 
nay grow op in time of profoand peace, no sooner is there a 
probability of seeing a foe at oar doors than all eyes are tamed 
to these protecting works, and the moBt argent demands are 
made that oar seaport towns shall be speedily pat " in a state 
of defence." Snch an impnlse was given by the Maine boundary 
and UcLeod questions, soon after the advent of Colonel Totten 
to the Chief EngineerBhip. In fulfilling the urgent duty which 
thus devolTed upon him, he did uot content himself with the 
mere issuing of- orders from his office at Washington. He made 
it hia bnsineaa to inspect pereonally the works, and in less than 
two years, besides the enormous office labor he found necessary 
to attend to on the first assumption of charge of the bureau, 
he had visited every fort and battery on the sea-coast of the 
United States. His inspections were not superficial and hasty; 
they were most thorough and searching. His investigations 
embraced, at the same time, the general scope and purpose of 
the work, its adaptability to its great objects, and the minutest 
detail in its construction. It was now that the country derived 
the full benefit of his indefatigable researches while at Newport 
I hare already alluded to the lack of knowledge and expert* 
ence in this country of the art of construction, especially in its 
applications to the peculiarities of fortification. To supply this 
lack was a great end of Colonel Totten'a labors at Fort Adams. 
At few other points did the locality or circumstances of the con- 
ftruction render practicable such researches. This remark will 
apply particularly to the works on the Gulf of Mexico. The 
re^ons bordering the Gnlf were, at the close of the war of 1612, 
but recent acquisitions to the territory of the United 8tat«s. 
Sparsely populated and isolated from the rest of the Union as 
(before the application of steam to the navigation of the Missis- 
flippi) they were, they would be defended, if defended at all, only 
by the aid of fortifications. The fact that New Orleans had 
been almost wrenched from our grasp, and the impression then 
everywhere felt that if it bad been captured it would not bare 
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been relinquiehed, etimalated the goTernment to Becure the pos- 
BesaioD of this important place and of other strategic pointe on 
the Golf by immediatfi fortification. Accordingly designs for 
worke — mostly prepared by Qeneral Bernard — were among the 
first labors of the Board of Engineen, and tlie forts on the river 
and lake approaches to New Orleans, at the entrances to Mobile 
Bay and Penaacola harbor, were almost simultaneouBly com- 
roenced. Around New Orleans especially the Engineers had to 
contend with formidable difficalties. The deadly climate, the 
treacherona soil, on which no art could build a structure so mas- 
sire as a fortification that Bhoold not sink one or more feet, 
warping and dislocating the walls and archen, the difficulties of 
procuring the services of niechanice and laborers, the want of 
building materials, etc., all combined to make construction ex- 
ceedingly difficult, to forbid any of its niceties, and to hinder all 
research or experiment Some of these works had been entirely 
finished at the period we have arrived at, others nearly so, and 
left to "settle" before the weight of the earthen parapets was 
added. 

Considering all these unfaTorable circumstaoces, these works 
had been built in a manner creditable to the energy and skill of 
the engineers ; bat a few years' neglect, aided by a damp and 
tropical climate, had given many of them an appearance which, 
to the superficial observer, promised anything but efficiency. 
Indeed, it was a popular belief in New Orleans at this time that 
Fort Jackson on the Mississippi had snnk so much that its guns 
could not be brought to bear on the river, — a belief donbtless due 
to the unnecessarily high levees by which it had been surrounded 
to protect its site from inundation, and to the rapid growth of 
vegetation on and about the fort Snch was the condition of 
this work when Colonel Totten first visited it in 1841, and the 
author of this paper, who bad but recently taken charge of it, has 
yet a vivid recollection of the thorough inspections of this and 
other works, the tedious voyages in open boats through the intri- 
cate " bayou" navigation about New Orleans, in company with 
his chief, as well as the copions and most minute iostructiona 
which he received. Destitute of American experience on such 
points, the designer had followed European precedents, or the 
GOnstmcting engineer had been left to his own devices as to much 
that relates to the interior arrangements. The wood-work of 
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magBEtoes, inodeqaately ventilated, had rotted and fallen in raitiB ; 
the GOveriDg of the booib-proof casemates, imperfectly uoderatood, 
bad failed to exclude water, which percolated through the piers 
and arches or gathered ia muddy pools ou the floors. The work 
to be done to bring the forts to speedy efficiency was vast ; em- 
brasures and floors of caeematea were to be raised to compeeaate 
the settlement the works bad undergone ; earth to be remored 
from the arches, in order to repair or renew tbe roofing ; m^a- 
Eines and quarters to be refitted, and all this before a gun could 
be mounted in a proper manner. On all these points Colonel 
Totten was rich in tbe eEperience of his long researches, and 
ready at once to give the proper directions. Following his de- 
uiled inetractions, the works speedily reached such a condition 
of efficiency as to permit tbe mounting and service of their gnus.* 
What tbe writer here relates from his own eEperience at New 
Orleans serves but to illustrate the indefatigable labors and per> 
Bonal agency of Colonel Totten at this period, along the whole 
seaboard of the United States, in brioging all its ports and 
harbors into a defensible condition. Nor should I confine these 
attributes to any particular period. During tbe whole time of bis 
Chief fingineership he continued the same laiborious supervision. 
Generally, once in about every two years, be' inspected every fort 
of the United States, and scarcely was the local engineer officer 
more thoronghly familiar with each detail of his own particular 
works tban was the Chief Engineer with those of all under charge 
of the Engineer Bureau. Besides attending to the routine duties 
of his office at Washington, he found time to design plans for new 
works, as well as for alterations or enlai^ement of old ones. An 
admirable draughtsman, executing his work with a delicacy and 
finish that defied competition on the part of his subordinates, he 
would be usually found, if visited at his office, engaged at hie 
drawing-table. Indeed, if he had a fault as Chief Engineer, it 
was the habit of doing everything himself. It was contemplated 
by tbe Regulations that all plans of fortifications sbonld be made 
by a Board of Engineers, and General Totten, in one of his reports, 

■ When FortH Jaektion and Philip on (ba UintaBtppl wmn «ttaoked bj 
the fleets of Conmanden Parrftgut and Porter, thtj were not provided 
with the annaiiients Intended for them, and the garriBons were demora- 
lind hj a long hombftrdment. It U nnt In pUae to dlsonaa this nobjeot 
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alludes to the foct that this has not alway h been the case in these 
words : " la rare cases it bos happened that plaus have been 
made under the particnlar direction of the Chief Engineer, owing 
to the dtfBcuIty, at moments, of drawing the widely dispersed 
members of the board from their indiridaal trasts." It may be 
said too, in justice to him, that when he assumed the control of 
tbe bureau, it was almost indispensable to take much npon himself, 
in the direction of the repairs and prosecution of many of tbe 
works, owing to the great pressure thrown upon the corps by tbe 
circnmstances of the period and the want of a sufficient nnmlter 
of experienced officers. 

The excitement produced by the anticipation of war with 
England was followed by an actual war with a weak neighbor — 
a war inaugurated by tbe same influences which, in a more 
potent form, produced the Rebellion, or rather of which the 
Rebellion was bat the legitimate and natural seqnel. Called 
on by General Scott, who reposed in bis professional skill the 
most unbounded confidence. Colonel Totten assumed, in ISil, 
the immediate control of the engineering operations of the army 
destined to invade the Mexican capital, directing in this ca- 
pacity tbe siege of Yern Cruz. For his successful services he 
was brevetted a Brigadier-General, March 29, 1841, " for gallant 
and meritorious conduct at the siege of Tera Cruz." Having 
thus Buccessfully accomplished the special task for which be had 
been selected, he left tbe army and resnmed his station at Wash- 
ington. 

In addition to the onerous duties of his office, involving, 
besides tbe labors described, tbe Inspectorship and Supervision 
of the Military Academy, bis position and high reputation snb- 
jected him to calls for incidental labors, by the government, by 
the States, or by municipal bodies. A few months prior to hia 
appointment as Chief Engineer, 1838, he was, at the invitation 
of the Secretary of the Navy, ordered to visit the Navy- Yard 
at Pensacola, and to prepare plans for dry-docks, wharves, sea- 
walls, and other improrements. Save a wretched failure in the 
shape of a wharf, the place — a navy-yard in name — had been, 
np to this period, destitute of everything that characterizes 
such an establishment, except an imposing row of officers' 
quarters, and some few storehouses. A board of naval officers 
had been convened two years previously to consider the wants 
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of the yard, and hod reconmieDdcd an ezteoMiTe sjBtem of im- 
provements, involving, among ottier things, no letjs than four 
dry-docke. Snch constractions, reaching thirty or more feet 
twloff the level of low water in the loose sand of the bay shores, 
were dlfficalt, demanding all the resoarces of the engineer, and 
it was on account of General Totten'a eminent abilities aod 
high authority in sDch matters that the Navy Department had 
recourse to hia services. He made a report on the manner of 
construction, with plans which, if I mistake not, have been a 
guide in the Hubeequent operations. Unfortunately, to this day 
no permanent dry-dock oziata, a floating wooden one having, 
through some influence, been Bobstituted, at enormons expense, 
for the iuMnded masonry atructare.' 

The Legislature of the State of Kew York having, March 30, 
1855, passed " An Act for the appointment of a commission for 
the preservation of the harbor of New York from encroachments, 
and to prevent obstructions to the necessary navigation thereof," 
the commission so appointed invited and obtained the co-opera- 
tion, as an "advisory council," of Oeneral Totten, Professor 
Bacbe, and Gommaoder Davis, U. S. Navy. The nature of 
the services thus reoderd is best understood by reference to the 
reports of the Commissioners themselves. 

" The distinguished reputation of General Totten, Professor 
Bache, and Commander Davis for scientific attainments, their 
diverstfled experience in the conatrnction of hydraulic works, and 
long observation of the influence of tidal currents in tbe forma- 
tion and removal of sboala, indicated them as the beat qualiGed 
to assist the Commissioners in the discharge of their duties, 
while their high personal character precluded the possibility of 
their advice being affected by other than the single purpose of 
arriving at a just decision on the qnestione submitted to them ;" 
and again, after a particular allusion to the services of Professor 

< The " qnwUoDabla ahspe" and BoeploloD* objMt of this dothI tntt — 
Mt afle&t and toval ont Into the baj bj tbe RelieU in IB61 — oftnsed 
■nsioni ■nrmiMH on the part of Colonel Broira nod lb« galUnt gairiaou 
of Fort Plak«nB, Temindlng na of the fsmoai ". Battle of tho E^ga" of the 
RavolDtlon. Tbe probable objeot wm to aink It in tbe obaanel to prevent 
the entraoce of oar gnnboat'). But Colonel Brown's Interferaaoe pre- 
Tsnted the ace om pi lab men t of the deilgn. It w«a abandoned bf the 
lebela, and let flra to bj Colonel Brown's orders. 
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Bache : " It ia the gratifyiDg doty of the Coram iseionera to 
present to the notice of the Legislature the iropoitant services 
which have been gatnitoaelj rendered to the State by General 
Joseph G. Totten, Chief Engineer of the United States Army, 
and Commander Charles H. Davis, of the United States Navy, 
who, with ProfesBor Bache, formed the advisory coancil of the 
Commissioners. Animated by the single desire of preserving 
the port of New Yoric in all its usefulness, they brought to the 
consideration of the snbjecta referred to them the diversified 
experience of many years spent in the examination and improve- 
ment of harbors. The several reports they have mode on the 
exterior lines, on the improvement of Hell Gate, and on the 
preservation of Qowannns Bay, are profonnd dissertations on 
the forces and actions of currents, and, while they evince, in 
■ some degree, the extent of the labors of those gentlemen, they 
demonstrate how just is the public estimate of their scientific 
attainments." 

Following the example of New Tork, Massachnsetts soon 
organized a similar commission for the port and harbor of 
Boston, on which the same gentlemen were invited to serve, 
receiving similar testimonials of the high value of their services. 

Of the many scientific men of the conntry who were asso- 
ciated with him in snch duties (of whom most usnally was onr 
eminent President), none exhibited greater seal and assidnity, 
few took a more prominent and useful part. The resolutions of 
the Liglit House Board, on the occasion of his decease, which 
are appended to this memoir, would bo, with slight modifications, 
applicable in reference to all his connections of a similar nature. 
Inflexible in his integrity, uncompromising in his notions of duty, 
and watchful to the highest degree for all the interests of the 
government in all that concerned his charge, it is not strange 
that the shameless Floyd soon fonnd him an obstacle to his 
peculiar operations. He was virtually banished from his office, 
or at least relieved from bis duties, which he did not resume 
until Floyd left the War Department. He took this oppor- 
tunity — perhaps the very first and only release during his life- 
time from the unceasing demand of duty — to visit Europe in 
oompany with Mrs. Totten, travelling through France, Italy, 
Germany, and England. Endned with those keen perceptions 
and that harmonious ai^'ustment of faculties which render the 
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miod susceptible to the beautiful, whether in nature or art, he 
was, in the true eense of the term, ao artist. For masic, for 
paiutiDg, for sculpture, he had a high relish and a most accurate 
and diBcriminatiog judgment. By such a oue the treasures of 
art and antiquity of Europe can only be adequately appreciated 
and eqjoyed, as we know they were appreciated and enjoyed by 
General Totten. He did not fail, however, to take the oppor- 
tiiDity to examine, as far as he was able, the fortifications of 
Enrope, of the character and peculiarities of which, however, 
he had little to learn. On his return he was sent by Floyd to 
tbe Pacific coast, with directions to inspect the fortifications in 
conatmction, and to report on the defeneiTe requirements of that 
region. This duty and the report thereou he executed in his 
usual thorough and exbaustiTe manner. It furnished him with 
the opportunity to acquire the same personal knowledge of all 
that conceroed the seaboard defence of our newly acquired 
territories on the Pacific which he already possessed, beyond 
any other man, in reference to the Atlantic and Gulf coasts. 

In the year 1851 General Totten inaugurated and continued 
throngh the years 1S52, 1853, 1854, and ] 856 a series of expert- 
menta at West Point, "on the effects of firing with heavy 
ordnance from casemate embrasures," and also "on the effects 
of firing against the same embrasures with various kinds of 
missiles." It will be interesting and conducive to a better 
understanding of the objects and results of these experiments 
to say a few words as to the origin and meaning of the term 
" casemate," and to give an account of General Totten's previous 
labors in connection with the " casemate embrasure." The word 
is from the Spanish oaaa-mata (a compound, most likely, of 
cosa, bouse, and miUar, to kill ; though it is said also to mean 
a low or hidden honee ; but the etymology is not settled), and 
seems to have been used to signify a countermine as well as a 
concealed place, arranged in connection with a fortification, for 
conUining and using a piece of artillery. According to Bardin* 
it appears to have been applied to the doable or triple tier of 
uncovered gun platforms used by the early Italian and German 
engineers for fianking the ditch, as well as to vaulted galleries 
along the scarp wall. The term finally came to mean, in fortifi- 

■ DiotioDDiklre da l'Arm6« de Tarre, eto. 
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cation, any vaulted room under the earthwork of the rampart 
or glacis, whether ioteuded for eerrice of guns or for qaarters 
of troops or for containing storus. A gun caeemaie h Bach a 
Tault abutting against the scarp or counterBcarp wall through 
which an " embrasure" ia pierced to permit the discharge of the 
gun ; and in the naval service the term has been adopted to 
Higuify the part of an iron-clad vesBel coutaiuiog the guna, and 
which is, for that reason, especially protected by the iron-plating. 
Hence the essential notion of the word seems to involve one or 
more of the attributes of concealment, shelter, and destructive 
purpose. 

The use of the casemate, in some of its forms, for flanking 
purposes goes back to Albert Durer and 8an Mtcheli, in the 
early part of the sixteenth century, and it was resorted to by 
Tanban in his second and third systems, of which the tower- 
bastions are casemated throughout. But it was reserved for 
the Marquis de Montalembert, in the latter part of the eighteenth 
century, to give it an extraordinary development, and to make 
the casemate the essential element of a system of fortification. 
This " most intrepid of authors upon fortification" (as he is 
styled by Chaseeloup) boldly attempted to apply to his art the 
same principles by which Napolean won his victories — the con- 
centration of superior forces upon the decisive points. In his 
projects we find upon all parts where there must be a decisive 
contest of artillery an extraordinary concentration of guns, 
amounting in some cases to ten times those of the attacking 
batteries, the constroction of which it is intended to prevent, or 
which Rball be promptly overpowered, if constructed. This con- 
centration he eD'ected, and could only effect, by the nse of case- 
mates, upon which, numerous and well constrocted, he bases all 
the strength of iiis fortifications. 

No author on this art bos displayed greater genius or a 
greater affluence of resources, and no author has given occasion 
for so much acrimonious discussion. Rejected by the French, 
the principles of Montalembert have been made the basis of the 
modem Qerman, or "Polygonal" system. 

For sea-coast fortifications the casemates of Montalembert 
had a singular applicability, and he has the merit at least of 
being the first writer who has seen in this branch of the art a 
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subject of particular treatment, and wbo bad given special desigDS 
for foi-ta and batteriea "for the defence of ports." 
. In no warlike Btructnre was tbere so great a concentration of 
artillery aa in a sbip of war, such aa it was fifty or even twenty 
years ago. And as there ia no limit to the number of sbipa 
wbicb may be bronght to bear upon a shore battery save that of 
the range of artillery and the area of navigable water, it is easy 
to see to what overwhelming hostile fire sucb a work may be 
Bobjected. On the other hand, it frequently happens that the 
sit« otherwise most advantageous for a battery is low and con- 
tracted, rendering any accumulation of guna impracticable, if 
mounted on an ordinary rampart, and exposing the unprotected 
gunners to the fire of the sharpshooters with which the enemy's 
topmasts are filled.' 

It is no amall merit of Montalembert to have devised a method 
of mounting guns which ahonid meet this cose. Notwitbstand< 
ing that the French Corps of Engineers rejected the system In 
its intended application, and disclaimed, as an engineer, its 
author, it nevertheless constructed, in 1786, fbr the defence of 
the roadstead and harbor of Cherbourg, forts which are in 
reality almost copied from his designs.' Following the example 
of the French, other European nations have adopted, for the 
defence of their seaports, worJie of the aome character, of which 
the forts of Cronstadt and Sebastopol, once made familiar to us 
in their outward appearance, by the Pictorials, are recent speci- 
mens, and, as we have already seen, CoIolcI Williams introdnced 
them into our country in 18DT, by the construction of Castles 
Williams and Clinton, and Fort Gansevoort, New York barbor. 

An objection nrged agaioflt casematea, and a grave one, since 
it is aimed at one of their most important attributes, is that the 
embrasures of masonry are dangerona to tbe gunners, from their 
outward flaring surfaces refiecting into the interior the enemy's 
missiles. Hontalembert was well aware of this objection, colling 

■ Tbe topmBRtH of raan/ of ths vaxiels of CammodoM Farragnl'B fl»et In 
tlie attack on Fort Jauksnn and St. Philip ooDlaliieil btMt-Aomlteri, dutiDed 
to An oiii]Ht«r at Iho gnnnen of tbe low batteries of thnes workx. 

* Tbe oclebrated Camot, tben an offloer of Frenoli snglDsore, bnt who 
Mdopted tbe views of Hontaltimbert, writes to him, " Tna have wmux 
from jonr adTeraftries the adnlsslon that well-oonttnieled oasainates an 
a good thing," slo. (Zistbow, Biitoin d« la Fortification.') 
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the embrsEnre, in its ordiiiaiy form, a "murderous funnel" 
(entonnoir meidriSre), and his sagacity did not fail to prescribe 
the best remedy by rules inteudcd to reduce to a minimum the 
externa) opening. He directed that tho throat should be no 
larger than necessary to receive the muzzle of the gun and to 
endure the shoclc of its discharge, that it should not be more 
than two feet from the exterior surface of the wall, that the 
cheeks should be parallel to the sides of the sector of fire ; and 
to render practicable these arrangements, he invented the " afful 
it aiguille" (carriage with tongue), which has served as the type 
of nearly all subsequent casemate gun-carriages. It ia strange, 
that, even while adopting the plans of Montalembert, European 
engineers should have almost wholly overlooked these maxims, 
and that it was reserved for onr own illustrious engineer to make 
their application, and in perfecling t^e casemate and the embra- 
sure, to become a co-worker with Montalembert, by bringing the 
casemated water battery to its highest degree of perfection. 

I now revert to General Totten's labors ia this connection, 
and in reference thereto I quote from his report to the Secretary 
of War:— 

" The first casemated battery was completed in 1808. It has 
two tiers of guns in casemates, and one in barbette. The 
esterior openings of the lower embrasures are 4' 8" by six feet, 
giving an area of 28 square feet ; and of the second tier, 3' 8" 
by 5 feet, area 18J square feet, the horizontal traverse of ^e 
guns being limited to 44 degrees, 

" Within three or four years of the time just mentioned two 
other casemated batteries were built, each having a single tier 
of guns in casemates, with exterior openings of 4' 5" by b feet, 
area 22 square feet ; one with horizontal scope of about 42 
degrees, and the other of about 45 degrees. 

" In 1815 the author of this report was called on to prepare a 
project for the defence of an important channel ; and having 
been convinced, while employed as an assistant in the construc- 
tion of two of the batteries jnst mentioned, that the principles 
and the details by which the embrasures and the dependent case- 
mates had thus far been regulated were erroneous and defective, 
set about a careful study of the conditions to be fulfilled in pro- 
viding for the heavy guns of that period, mounted on a casemate 
carriage that had riready been approved and adopted, The 
Ti 
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reeult was an embrasure, having an exterior opening of 4 feet 
wide by 2' fl" high at the outside line of the cheeks, and three 
feet high at the ke; of the covering arch, the throat bciDg 1' 10" 
wide. This provided for all the depression and elevation of the 
gun that the carriage permitted, and also for a horizontal scope 
of full 60 degrees. Covered with a lintel instead of an arch, 
the height of the exterior opeaing might be a little less than 
three feet. 

" The plan of this embrasure shows that the interior opening 
Is 5' 6" wide, and that the plane of the throat is within 2 feet of 
the outside of the wall, which inet at the embrasure Is five feet 
thick. 

"A slight modification fitted this embrasure, when applied to 
flanking or interior defence, to receive at first a carronade of 
laige calibre, and of later years, a howitzer instead. When 
these latter were liable to be assailed by musketry, the outer cheeks 
were made en cremailliire (notched) — a long-known device, 

" It was with timidity and hesitation that the cheeks and this 
embrasure were placed bo near the track of the ball, when fired 
from the casemate, with the maximum obliquity, and the results 
of an early trial with experimental embrasares at Fort Monroe 
gave some sanction to the doobt The first two under trial were 
built of lime mortar, and were soon shaken to pieces by the blast 
of the guD. Another one, how;ever, constructed of bricks laid 
in cement mortar, sustained without injury several hundred dis- 
chai^s. These last results have been confirmed wherever there ' 
has been practice from our embrasures, which, with immaterial 
differences, have since 1816 been constnicted in all our casemated 
batteries according to the preceding description." 

It will be seen from the foregoing quotations how thoroughly 
(General Totten, in adopting the casemated battery, was imboed 
with the spirit of its illustrious originator. If, as is likely, he 
was aware of the latter's rules on this subject, he was the first 
to appreciate their essential importance, and to prove the practi- 
cability of their application. It is probable, however, that the 
close study of the subject, critical observation and keen sagacity 
which so distingniehed him on all occasions, and which taught 
liim to accept nothing as the best which was susceptible of 
improvement, led him to recognize as "murderous funnels" the 
embrasures of routine — to create anew the rules of Montalembert, 
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and to make, for the first time, a saccessfal application of them. 
He reduced the throat to Dearly an absolute minimum ; he placed 
it at two feet from the onter face of the wall, diminishing the 
external openingB from eighteen, twenty-two, and twenty-eight, 
down to about ten square feet, while he increased the sector of 
fire of the gon from forty-five to sixty degrees ; thus adding one 
third to its Geld of fire, and consequently to its Talne. 

The embrasares, thus modelled in 1815, remained unchanged 
until the year 1858, but the casemate continued a subject of 
Btndy and experiment during most of his life. The perfecting 
of rentilatioD, the determination of the dimensions and height 
of the piers, of the span and rise of the arches, their thicknesa 
and manner of covering, so as to obtain perfect drainage and to 
avoid the injurious effects of frost, etc., were problems of pro- 
longed research and skilful solution, 'establishing for General 
Totten the right to be considered the author of the American 
casemate. 

In connection with these researches may be mentioned those 
also which were directed to the determination of the manner of 
mounting guns "en barbette.'" As the dimensions of sea-coast 
ordnance increased, more and more elaborate strnctnres became 
necessary for their mounting and management. The planning 
and coDstraction of the carriages belonged to tbe Ordnance 
Bureau, but it was General Totten'a task to adapt the platforms 
and parapets thereto. None but the engineer or artillerist can 
thoroughly understand the difficulty and complexity of the prob> 
iema therein involved. To provide a platform which shall sup- 
port, without the slightest deflexion, the weight, and resist the 
shock of discharge, while it provides for the training or pointing 
of the gun — which is bo adapted to the parapet as to allow the 
maximum horizontal sector of fire and to afford the most perfect 
cover to the gunners consistent with allowing all the depression 
demanded by tbe circnmstaaces of tbe case — such are the con- 
ditions to be fulfilled, separately, for each calibre of gun. After 
years of experience, and after oar sea-coast ordnance had attained 
its highest development prior to the introduction of tbe rifled gun 
and fifteen-inch colnmbiad, General Totten embodied his results 
in a lithographic sheet exhibiting to the eye of the engineer for 

> A bftrbetts gan U oii« which la ftred otst a parapet. 
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ereiy kind of gun and for every probable case the particular 
eolutioD. TliiB single sheet exhibits etrikioglj the characterieticx 
of the author's miod — the profound study which he brought to 
bear on every subject, the scrnpnlous accuracy of his deter- 
minations, which neglected no appreciable magnitade, and the 
thoronghnese and generality of his Bolationa. 

When the embrasure of 1815 was designed, ships' armaments 
contained no gen bcarier than a twenty-four or thirty-two poun- 
der. As the calibres increased, it became a matter of doubt 
whether the five feet thickness of wall immediately about the 
embrasure waa suBBcient. At tho same time the progress made 
in the art of fi>rging large masses of iron had suggested that by 
its use the funnel form of the mouth might be entirely done 
away with, and the exterior opening reduced to an absolute 
minimum. Nothing but experiment could lead to sound conclu- 
sions, and the experiments referred to on a former page were in- 
stituted, the principal objects of which were (in Qeneral Totten's 
own language) : — 

I. " To ascertain the effects of firing with solid balls, with 
shells, and with grape and canister, from heavy ordnance at short 
distances, npon varions materials nsed in the construction of 
casemate embrasures. 

II. " To determine whether these embrasares might have a 
form that wonid shut out most of these missiles, and resist for a 
time the heaviest, without lessening the sector of fire, horizontal 
and vertical, of the casemate gun. 

III. " To determine the degree to which, without injur}- from 
the blast of the gun, or lessening its scope of fire, the throat 
of the embrasure, and also the exterior opening, might be 



IT. " To determine whether all smaller missiles might not he 
prevented from passing through the throat into the battery ; and 
whether the smoke of the blast might not elso be excluded b; 
simple and easily managed shatters." 

Targets were constructed, representing the wall of a fortifica- 
tion pierced with its embrasures. All varieties of materials were 
employed in the walls, and every suggested method of construct- 
ing the embrasure was tried. General Totten's report shows 
that the minutest detail of construction was directed by himself, 
and that he personally superintended the experiments. They 
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were carried on at interrals during four successive years, the 
results of each year BUggestiug the object of ezperimeot for the 
next. 

It voald be out of place here to follow the report through its 
detailed accounts of tiie firings, or even to attempt to sum up 
the conclasions arrived at, referring as they do to such a variety 
of subjects ; but those concerning the thickness of the scarp-wall 
and the use of wroaght-iron may be properly quoted as among 
the moBt important 

" The general conclaaion fh>m these trials is, that, whether of 
cement concrete, of bricks, or of hard stones, the portion of the 
wall at and aronnd each embrasure having the tiiickneas of five 
feet only should be no larger than is indispensable for the adap- 
tation of the gun and carriage to the embraaure ; if restricted to 
a small area, this thickness will suffice — not otherwise. 

" The thickness of five feet will resist a nnmber of these baits, 
impinging in sttcceasioa on that space, provided the bond expand 
promptly above, below, and on each side, into a thickness greater 
by some two and a half feet or three feet or more. Were the 
wall no thicker generally than five feet, being reinforced only by 
piers some fifteen feet apart, it would soon be seriously damaged 
by battering at short distances." 

And in reference to iron it ia stated : " First, It may be fiiirly 
assumed, that a plate eight inches thick of wrought iron of good 
quality, kept in place by a backing of three feet of strong masonry, 
will stop a solid ball from an eight-inch columbiad, fired with ten 
and a quarter pounds of powder from the distance of two hundred 
yards. The plate of iron will be deeply indented at the point of 
impact, the ball carving for itself a smooth bed of the shape and 
size of one hemisphere, in which it will be found broken into 
many pieces easily separable, and it will besides be somewhat 
bent generally. The masonry behind will be much jarred, and, 
nnlesB strongly bonded, be considerably displaced ; moreover, 
unless the thickness of three feet is well tied into thicker masses 
immediately adjacent on the sides and above and below, the 
general damage will be severe. 

" Second, This plate will be much the stronger for being in a 
single moss, and not made up of several thinner plates. The 
continuity effected by bolts and rivets of the made-up plates ia 
broken even by weak assaults, so that afterwards the stronger. 
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instead of a jolot opposition, finds only a auccession of feeble 
resistances. 

" Third, A thickness of two inches is ample for shatters de- 
signed to stop the largest grape-shot WitU this thickness they 
will be neither perforated nor deformed by anytliing less than 
cannon balls or shells. These shatters also, for the reason just 
given, shonld be made of a aingle thickness. The firings show 
the necessity of concealing entirely, even from the smallest iron 
missile, their hinges and fastenings. 

" Fourth, A wrought-iron plate of half an inch in thickness is 
adequate to protect the onter uai^ns and the offsets of embro- 
snres from injary by grape or canister shot." 

These facts established, the effect of the form and dimensions 
of the embrasures in carrying in the smaller missiles was inTesti- 
gated ; the recorded results will enable us to appreciate the force 
of Montalembert's expression, " mnrderous funnels," as erea its 
aatbor conld not do. 

" Suppose a hundred-gun ship to be placed within good can- 
ister range of a casemated battery of about the ship's length 
and height, to the fifty guns of the ship's broadside there would 
be opposed about twenty-four guns in two tiers in the battery. 
The ship would fire each gun once in three minutes, or ten times 
in lialf an hour ; the fifty guns would therefore make fire hun- 
dred discharges within that time. 

" With one hundred and fifty-six balls in each thirty- two-pound 
canister (weighing in all thirty-one and a half pounds) there 
would be thrown serenty-elght thousand balls in thirty minutes. 
Supposing one-half to miss the Eort — which, considering the size 
of the object, and the short distance, is a large allowance — there 
would still remain the number of thirty -nine thousand balls to 
strike a surface of (say) six thousand square feet, that is — 

" On each square foot 6^ balls. 

"Or within the exterior opening of one of the 
embrasures of our second tai^ct, of which the 
area is 8, d square feet, there would fall, . 58 balls. 

" Within the European embrasure above mentioned, 
having fifty-four square feet of opening,' there 
would be received in half an boar . 351 balls." 

' RefernDoe ii made lo the ainbruiarsof Kn Europeao work lioilt wltliia 
tb« last tweutj-STe jaarii. 
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Aod if the ship carried modera eight-inch gaoa, spd fired 
canister of musket balls, these figares would be in the three 
cases fifty-one, foar handred and fifty-three, and two thousand 
seven hundred and fifty-four. These theoretical conclnsiona 
were verified by the experimental firing witli grape and canister, 
and it is thus seen how greatly superior General Totten's embra- 
Bure of 1815, which is bat little larger than that of the eecond 
ta^et, is to the European one, and how thoroughly he had, at 
that early day, mastered the sabject. Ha had indeed perfected 
the embrasnre as far as it could be done with masonry atone. 

But the quantity of small missiles which even that embrasure 
would receive is dangerously great, and would be mach dimin- 
ished if the funnel form of the mouth could be done away with, 
and the throat reduced to an absolute minimum. This could be 
accomplished only by the use of iron, and the conclusions I have 
just quoted furnish the data necessary to its successful ^plica- 
tion. 

The throat (still placed two feet hack from the outer face of 
the wall) being formed of iron plates, it became practicable to 
cut away the flaring surfaces of masonry, so as to present others 
parallel or perpeudicnlar to the face of the wall, and by this 
change of form to ezclade all missiles not directed within the 
limits of the throat itself. Still more completely to accomplish 
the object, wrought-iron shntters of two inches thickness (as 
determined by the experiments) were applied, by which, except 
at the moments of aiming and firing, the embrasnre was entirely 
closed. 

Snch is the history of the casemated battery and casemate 
embrasure in the United States. We have seen that the perfec- 
tion to which they have been brought is due to Qeneral Totten, 
and to General Totten alone. Nor is it to the experiments which 
I have been describing, laborious, skilful, and thorough as they 
were, that we may solely attribute snch results. We must look 
back to the time when, a First Lieutenant of Engineers, he saw 
and aided in the construction of our first casemated ibrt, and 
when he, fully appreciating its merits and recognizing the defects 
which a disregard and want of appreciation of the illnstrious 
projector's own principles had entailed upon it, set himself to 
the task of enhancing the one and correcting the other. 

The ten years which have elapsed since 1855 have witnessed 
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cbaoges in the character of s«a-co&8t aad iinval artillerj', and an 
increase in the calibres and weight of tlieir projectiles, wbicli 
no one at that date would have anticipated; hence Bome doubt 
may be entertained whether our casemated masonry works are 
adequate to contend with iron-clad vessels armed with the modern 
artillery. This is a question which it remains for experiment or 
experience to decide. It has, as yet, not been demonstrated that 
a masonry fort, constrncted as oar more recent works are, will 
not, armed with the powerful guns now being introduced, endure 
the contest quite aa long as its iron-clad nntagunist can protract it. 

In this connection It is due to Qeneral Totten to aay that he 
has himself been ever the most strenuous advocate of " big 
gnns," the most ut^ent instigator of their production. The 
writer well remembers when, seated with him on the piazza of 
the officers' quarters at Fort Jackson, onr eyes resting on the 
mighty Htream flowing past us, upon the defence of which onr 
thoughts and conversation had been turning, he exclaimed, " We 
must have a twenty-inch gun." The idea was novel to me at 
that time, and I exhibited some surprise. Ue went on to say, 
that, thoroughly to prevent the passage or attempted passage 
of an armed steamship, there must be not only danger, but 
almost a certainty of destruction. " Let us have gone such that 
(to use his own phrase) 'every shot sliall be a bird.'" The 
invention of armored ships, not then foreseen, bus increased 
the necessity of having such gnus as he, on other grounds, so 
strongly advocated. He expressed the greatest confidence that 
a gun of the dimensions he named would yet be made and intro- 
duced into our batteries, and added the interesting statement, 
that in his earlier days he had fonnd much diCBculty in impress- 
ing upon the members of boards on which he had served the 
necessity of having guns in onr harbor defences larger than 
twenty-four pounders. To the labors and genius of a Rodman 
we owe the nctnal invention of the art of constmcting fifteen 
and twenty inch guns ; but without the unceasing stimulus of 
General Totten's known and urged views, it is doubtful whether 
Rodman's labors wonid have been called for or sustained. 

The preceding pages have been mainly devoted to the illns- 
tration of our departed associate's career as an officer and aa 
the Chief Engineer of the United States Before turning our 
attention to other spheres of his usefulness, it seems fittin to 



iized by Google 



NATIONAL ACADEMY OF SOUNCED. 

qDOte from one of his enlogiete the foUowiog Enmmary of hfa 
official characteristics. 

" In wielding the influence of his ofBce as' Chief Engineer, 
the promiaent traits e\l)ibited by General Tottea were strict 
jastice and scrapntoas integrity. No sophistry, no blandish- 
ments, no arbitrary exercise of saperior atithority, conid turn 
him in the least from his steadfast adherence to his own eense 
of duty. Avoiding all useless collisions with hiBofficial superiors, 
showing due respect to their station, he never foiled to call their 
attention to any errors committed by them with respect to the 
department under his chai^ ; nor did he ever leave them any 
excuse for wilful wrong-doing by remaining silent ; even when 
he knew that his suggestions would not only be ill-received and 
of no use, but might be visi^ by the exercise of those petty 
vexations which official superiors can employ against those und"" 
tbera who thwart their misdoings. 

" The individual traits of General Totten were strongly marked. 
Powerfully built, of a constitution of the most vigorouB stamp, 
cool, potent, and persevering, of sound judgment and variety of 
intellectual capacity. Nature seemed to have endowed him for 
the profession that be had chosen. His attention to the pe^ 
formance of his professional duties amounted to a devotion. 

" Whilst steadily adhering to what had been well settled by 
experience, and withstanding the ill-directed efforts of that 
class of men, of whom some are to be found in all bodies, who 
seize upon every novelty and press it into the service of their 
own crude Dotions, he was far from rejecting well-reasoned pro- 
jects of improvement, and encouraged, as his own immediate 
works show, every step towards real progress. Although not 
belonging to the class of mere inventors, he had that invalu- 
able faculty to one holding a position of so great public responsi- 
bility, of detectii^ the fallacies with which this class too fre- 
quently deceive themselves as well as others." 

In 1863, under the law uniting into one the two Coips of 
Engineers and Topographical Engineers, General Totteo was 
advanced to the full grade of Brigadier-General. A few days 
before bis death the Senate unanimously confirmed his nomina- 
tion by the President to be "M^or-General by brevet, for long. 
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fiiithfal, and emioeat services." Nerer were such distinctio)) 
and each commendation more &t\j bestowed. 

Giving tbe pre(»dence in order to duties most intimatelj 
connected with his profession, I now turn to Qeuer&l Totten's 
important labors in establisbing and maintaining our present 
lighthouse system. 

The attention of CoDgresa having been called to the pressing 
necessity for introducing certain reforms, administrative and 
executive, into tbe lightboaBe system of the United States, that 
body, after full discussion of the subject, passed an act (approved 
March 3, 1851) stipulating that from and after that date, in all 
new lighthonsea and all lightbonses requiring illumfnating appa- 
ratus, the lens or Fresnel system should be adopted. 

Another chapter of the same act provided for the appointment 
of a commission to be composed of two officers of engineers of 
tbe army, and snch civil officers of high scientific attainments as 
might be under the orders or at the disposition of the treasury 
department and a junior officer of the navy as secretary, whose 
duty it should be to inquire into the condition of tbe lighU 
bouse establishment of the United States, and to make a general 
detailed report and programme to gnide legislation in extending 
and improving our present system of construction, illumination, 
inspection, and superintendence, 

The board, as constitnted by tbe President, consisted of Com- 
mander W. B. Shnbrick, Oeneral J. Q. Totten, Colonel James 
Kearney, Captain S. F. Dupont, U. S. N., Professor A. Dallaa 
Bacbe, Superintendent U. S. Coast Survey, and Thornton A. 
Jenkins, U. 8. N., aa secretary. 

Its labors were directed first to demonstrating the evils, 
irregularities, aud abuses which had crept into the lighthouse 
service under tbe management of tbe Fifth Auditor of the 
Treasury (the late venerable and highly respected Stephen 
Pleasonton), among which were found to be those arising from 
detective principles of constrnction, renovation, and repair of 
lighthouses, inadequate protection to sites and badly planned 
and poorly constructed sea-walls. It may readily be understood 
how the peculiarly practical mind of Oeneral Totten, bronght to 
bear upon these and kindred subjects of inquiry, developed and 
demonstrated the necessity of at once employing proper scientiSc 
systems sad plana of construction. His assistance in collecting 
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data trae foand iDvalaable, and bis lacid, clear mind was eqaally 
to be trasted in detecting bults and in devising the remedy. 

Without entering into a detailed account of tbe labors of this 
Board of Inquiry, it is sufficient to slate, that tbe mass of 
BTidence collected by it was so irresistible in proof of existing 
errors, tfaat Congress, under date of Augast 31, 1852, passed an 
act which created a permanent Lighthouse Board, to which were 
confided all the dnties of tbe establishment. General Totten 
was appointed to this board, and Berved aaa valued and honored 
member, with l>at a short interruption, until bis decease. Its 
early labors were arduous and onerous. A new system was to 
be founded where before had been none — order should come 
lh>m chaos, error was to vanish before science, economy to suc- 
ceed to waatefulneas, darkness to give place to light The task, 
great as it was, fell upon no shrinking hearts or feeble brains. 
The work was accomplished ; and long before his lamented 
death General Totten had the aatisfaction of witnessing tbe 
labors of himself «id hia associates crowned with full success. 
The board in its dellberationfi derived great benefit from his 
presence and participation, and relied with entire assurance 
upon tbe correctness of his judgment upon all subjects concern- 
ii^ which he would express an opinion. He served almost con- 
tinnoDsly as chairman of the Committee of Finance, and the 
decisions of that committee owe not a little of their sound 
wisdom to the searcbing scrutiny joined to tbe generous and 
liberal views of its chairman. He was also a member of the 
Committee on Engineering, In which department his peculiar 
merit was most conspicuous. The principal works witti which 
his name is associated and which claim our attention, are the 
lighthouses on Seven-Foot Knoll, near Baltimore, Md., and on 
Minot's Ledge, off Cohasset, Mass. 

The former is an iron pile structure standing in some ten feet 
of wat«r. It was erected at a time when the science of iron 
pile construction was in its Infancy, and was one of tbe first works 
of the kind nndertaken by the board. Hence it wna a matter 
of deep interest and solicitude. It was successfully completed, 
and tbe lighthouse stands to-day a signal reward for the thought 
and labor bestowed upon its conception and construction. 

The lightbonse at Minot'a Ledge was a work of far greater 
difficulty, and to its proper location and plan Qeneral Totten 
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lent the resources of his great experience and ezhanBtless know- 
ledge. As hJB iDtimate acquaintance with the whole coast of the 
United States, acquired while acting as a member of the Board 
of Engineers, and during bia annnal inspections as Chief Engi- 
neer, enabled him, with the aid of the Coast Survey, to indicate 
with almost nnerring certainty the proper location and character 
of all new lighthouses, so his practical knowledge of constmc- 
tioD, in laying the foundation of our seo^oast fortifications and 
the sea-walls'by which the sites of many of them bad to be pro* 
tected, prepared him to grapple with the difficulties of construct- 
ing a masonry tower in this exposed situation, and to bring to 
their solution all the known and tried resourcea of engineering. 
Minot's Ledge is situated about twenty miles southeast of 
Boston. It is the outer rock of a very dangcrons gronp called 
the " Cohasset Rocks," lying at the very wayside of navigation 
to the harbor of Boston. A lighthouse of iron bad been erected 
here a few years previous to tiie organization of the Lighthouse 
Board, but it was carried away in a fearful storm which swept 
along the coast of New England on the ICtb of April, 1851. 

Not only the commercial interests of the country, but hu- 
manity demanded that it should be replaced, and Congress 
promptly ' made an appropriation for this purpose, etipulaiing 
that the tower should be erected on the outer Minot, and con* 
fiding its construction to the Topographical Bureau. This 
bureau, having publicly advertised, received sixteen distinct 
proposals to erect the proposed structure, but finally recom- 
mended, in view of the difficulties to be overcome, and the 
fearful fate of its predecessor, that it should be located on one 
of the inner rocks. In accordance with this recommendation, 
an act of Congress was passed authorizing the Secretary of the 
Treasury to "select instead of the outer Minot's Ledge, any 
more suitable site." Before further action had been taken, the 
whole snbject fell into the hands of the newly created Light- 
house Board. A joint resolution of Congress was then passed 
(1854) giving to this board the decision as to the location and 
the mode of constmctlon. 

Tbe question of location being thus widely reopened, a com- 
mittee of tbe board was sent to make a personal examination 
of the locality. General Totten was, of course, a member of 
this committee, and was not long in making up bia mind that 
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the outer and oot the inoer MiDot van the proper site. His 
ai^umeots on this subject proved concluGive with the board. 
He u^ed that if tlie light were placed on anj of the inner rocks 
the desired object would be but p&rtiallj accomplished, since in 
a dense fog or thick snow-storm vessels might approach within 
a few hundred feet, without being able to see it, and thus he lost 
apoD the out«r ledge. 

When the question of practicabilitj was broached, his pro- 
fessional pride seemed to be ronsed. He argued that, after what 
had been done on the coast of England in the erection of the 
Eddjstone lighthouse a century ago, and more recently of the 
Bell-rock and Skerryvore lights, it would be a hnmiliating 
admission that the requisite science and skill were not to be 
found in this country to erect a similar structure where, as all 
admitted, one w&s so much needed. 

He carefully studied the accounts of the coastruction of the 
Bddystone, Bell-rock, and Skerryvore lighthouses, by Smeaton, 
Robert Stevenson, and Allan SteveDSon, but the fact that the 
Eddystone was begun at high-water mark, that the ledge of the 
Bell-rock was extensive and elevated several feet above low- 
wuter, and that the Skerryvore presented still less difficulties, 
while the Burveya show that the outer Minot's ledge was very 
contracted and that the proposed structure must commence even 
below low-water, did not deter him from advocating and design- 
ing a work for this formidable position, more difficnlt to accom- 
pliah than anything which had ever preceded it. 

The plans which he prepared were drawn with his usual 
minuteness of detail. The problem was one peculiarly fascinat- 
ing to engineers — the nniting into a single moss the several com* 
ponent stones of the structure so that no one can be detached 
from the rest, that each shall be a bond of connection to those 
adjacent, that the whole shall bo an integral, having a strength 
ample to defy the most powerful foe to human structure, the fury 
of the ocean's winds and waves. Though not himself the con- 
structor of the work, yet to have insisted against aathoritative 
adverse opinion on its practicability, to have planned the building 
and selected the engineer who shonld rear it, and to have over- 
looked the work from its commencement to its completion, en- 
titles him, even were this his only work, to recognition among 
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tbe Smeatona and SteveDsous and Bninels, as one of the great 
engineers of tbe age. 

For the execution, be selected Captain (now Brevet Brigadier- 
General) Barton S. Alexander, of tbe Corps of EDgineers, an 
officer whose experience, energy, boldness, and self-reliance emi- 
nently fitted him for tbe task. It is for him to recount the his- 
tory of the work, to give to the world tbe interesting narrative 
of difBcnIties met and overcome, of patience requited and energy 
triumphant. General Totten watched its progress with unflag- 
ging interest, making frequent visits to tbe Baperintending engi- 
neer, aiding him with his connsels and encouraging him in bis 
difficulties. He lived to enjoy the proud satiBfactiou of inspect- 
ing the finished structure ; and when at last from its towering 
summit fiaabed o'er the troubled waters the beacon-light of safety 
to the tempest-tossed mariner, he might well exclaim, with the 
Latin poet, though in a nobler sense aad in a less boastful spirit; 
" Exegi monumeutum tere perennius." 

General (then Colonel) Totten was named in the act of Con- 
gress organizing tbe Smithsonian Institution in 1846 as one of 
the Regents to whom tbe bneiiiess transactions of that celebrated 
eatablishmeat are intrnsted. At an early meeting of the Board 
of Regents he was appointed one of tbe Executive Committee, 
and was continued in these offices by repeated election to the 
time of bis death, a period of nearly eighteen years. He evinced 
a lively interest in the organization of the iustitntion, and after 
a careful study of the will and character of Smitbson, gave his 
preference to tbe programme prepared by Professor Henry, which 
was finally adopted. His advocacy of the plan was the more 
irapoFt-ant eince he was well acquainted with tbe scientific cbarac* 
ter of James Smitbson, and bad himself, as we shall see in a sub- 
sequent statement, been engaged in a line of research similar to 
one of those pursued by the founder of this institution. 

In the reconstruction of tbe interior of the main part of the 
Smithsonian building which had partly been completed in wood, 
but which had given way, be strongly ui^ed the employment of 
fire-proof material, to the adoption of which the preservation of 
the valuable collections of the institution is indebted In the 
discharge of his duty as one of the Executive Committee, he acted 
with tbe same conscientious regard to the sacredness of tbe trust 
which characterized all his official labors, and critically examined 
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all tbe accounts, asGored himself as to the proper expenditure of 
the fund, and advised as U> the general policy to be pnrsaed. 
In him the Secretary ever found a firm supporter, a Bjmpatbetic 
friend, and a jodieious adviser. Unostentatious, unselfish, and 
only desiring to advance whateTer cause he might be connected 
with, be gave the most valuable suggestions as if they were of 
little moment, and in such a way that tbey might appear to be 
deductions from what others had said or done, being more 
anxiona that his su^estions should be properly carried out than 
tliat they should be accredited to himself. 

As a recreation from the more arduous studies of his pro- 
fession, he devoted in the early part of his life bis spare hours 
to Natural History, paying much attention to the Mollnsca of 
the Northern coast of tbe United States ; and be was perhaps 
tbe first, or at least one of the first to introduce into this country 
the use of the dredge for the search of these animals, thus not 
only obtaining many species which would otherwise have escaped 
attention, and getting fresh and unmutilated specimens of species 
previously known only A^im dead imperfect shells, but enabling 
us to learn something of tbe habits and associations of tbe 
animals — information of much greater scientific vtUue than tbe 
discovery of a few new species. His observations and studies 
in concbology were embodied in an article entitled " Descriptions 
of some Shells belonging to the Coast of New England," pub- 
lished in tbe American Journal of Science and Arts for 1634 
and 1835, and Dr. A. A. Ooutd was largely indebted to bim 
for material employed in his " Invertebrata of Massachusetts," 
many of the species of shells contained in which were first found 
to inhabit our coast by Qcneral Totten ; others were new species 
discovered by bim, though described by Dr. Oould, whib some 
nine or ten specimens were not only discovered but described by 
bim. Tbe descriptions of species and remarks evince bis powers 
of observation and critical acumen, and almost all of the forms 
described have stood tbe test of subsequent examination, and 
the validity of their specific distinction been confirmed ; althongb 
several of them are among the most common shells of tbe coast, 
on account of their small size, they had been previously over- 
looked or neglected, but their insignificance in sise did not di> 
minish their interest in the eyes of one who viewed nature in 
all her manifestations as worth; of contemplation. One of the 
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Bost beaatifal and almost the smallest of the bivslres of oar 
coast, called bj him Venua gemma, has since been dedicated to 
him under the name of Gemma ToUenii by Mr. William Stimpson. 

General Totten collected principally on the shores of New 
England, and his ezplorationB with the dredge were almost 
entirely made in the Ticinitj of Newport, B. I., and of Province- 
town, Mass. A list of the shells of Hassachasetts was con- 
tribnted by him to one of the preliminary reports on the Natural 
History of that State. The principal species described by him 
are as follows : Madiola glandula (now known as Mytilva decua- 
aatua). Venue gemma (Oemma ToUenii), Solemya boreaiia. 
Bulla oryia, Naiica immaculata. Turbo minuiuB {Kiaaoa mi- 
nula), Turriiella interrupla (Ckemnilzia inierrupla), Acteon 
tnfidua {Chemnitzia trijida), and Paaitkea nigra. This last- 
named species he described from young shells, and aHerwarda 
finding the adult shell, which is very different, called it Ceri- 
Ihium reHculatum. It has for many years been called Cerylhium 
Bayi, but a late author has ^^in credited it to him, nnder the 
name of Briltium nigrum. 

A species of Buccinea (8. ToUeniana) was dedicated to 
General Totten by Mr. Isaac Lea, of Philadelphia. 

Conchologieta are also indebted to General Totten for the 
discovery of means for the preserration of the epidermis or 
periostraca of ahelle, which is in many species so liable to crack, 
and this recipe has been received with much approbation by 
many collectors who have found it to supply a want much felt. 
The valuable collection of rare shells which he made at this 
period of bis life he presented to the Smithsonian Institution, 
without the usual condition that it should be preserved sepa- 
rately, but to be used moat advantageously for the advancement 
of science to complete the general collection of the Museum, or 
for distribndon ae dnplicates to other establishments. 

In the " Annals of the Lyceum of Natural History of New 
York" for 1824 (vol. i. pp. 109-114) he published "Notes on 
some new Supports for Minerals, subjected to the Action of the 
Common Blowpipe." These researches ou the nse and power 
of the blowpipe appear to bavo been incited by an article of 
James Smithson, the snbseqaent founder of the Smithsonian 
Institution, and the memoir of Totten commences with a refer- 
ence to and rehearsal of the experiments of that gentleman, as 
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detailed in a letter to the editor of the Aubals of PhiloBophy. 
SmithBon, it waa remarked, had Gommanicated Bereral ingenioos 
modificatioDB of Saussare's process with supports of apliatere 
of sapphire, nhich process, be obserres, "has been scarcely at 
all employed ; owing partly to the excesaive difficulty, in genera], 
of making the particles adhere, and in coDseqneuce of tlie 
almost nnpossessed degree of patience required and of the 
time consumed by nearly interminable failures." Det&iliDg the 
processes of Mr. Smithson, three in number, and the success of 
that gentleman, be adopted a modiScation of Smitbson's third 
process, having recourae, as a support, to a portion of the mine- 
ral itself, which he designed to expose to the action of the flame. 
" Instead, however, of taking upon the point of platinum wire a 
very minnte portion of the paste made of the powdered mineral," 
according to Mr. Sniithson's method, he "formed a paste by 
mixing the powder witb very thick gam-water and rubbing a 
little of it nuder the finger, formed a very acute cone, sometimee 
nearly an inch in length, and generally about a twentieth of an 
inch in diameter at the base." To the apex of snch cones, the 
most minnte particles would adhere under the strongest blast of 
the blowpipe, and being insulated by the destruction of continuity . 
of the particles of the cone, the flame conld be directed npou it 
with nudiminisbed fervor. Experiments were made on a number 
of minerals, confirming those of Mr. Smithson, and greatly ex- 
tending the power of the blowpipe, and be was thus led to add 
to the three classes divided in relation to this instrument a 
fourth, namely, " such as are fusible, per te, in microscopical 
particles." 

The attention of the inhabitants near the shores of the great 
lakes of the North had ofteo been arrested by the sudden disap- 
pearance in the spring of the ice on the surface. The lakes 
would be covered with a continuous sheet of solid ice in the 
evening, and in the next morning all would have vanished. 
Wild speculations had been entertained as to the explanation of 
this phenomenon previous to the investigation of the subject by 
General Totten, who presented an article on the subject to the 
American Association for the Advancement of Science at the 
Springfield meeting in 1859. 

From this it appears that his attention had been directed to 
it forty years before at Plattsburg, "S, Y. Ice is composed of a 
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eongeriea of priBmadc cr^BtsIa, whose axes are at right angles to 
the snrbce of the mass. " Ezamiuatioiis then and afterwards 
made of floatiug fresh-water ice have sbowD that the natural effect 
of the adTSQcJDg year ia gradually to tranaforin ice, solid and 
apparently homogeneoae, into an aggr^ation of these irregular 
prismatic crystals, standing in vertical juztapoGitian, hariog few 
anrfaces of contact, but touching rather at points and on edges, 
and kept in place at last merely by want of room to fall asnuder. 
Until this change has somewhat advanced, the cohesive strength 
of ice of considerable thickness is still adequate to suslain the 
weight and shock of the travel it had borne during the winter, 
hut becoming leas and less coherent by the growiag isolation 
of the prisma, or more and more ' rotten' as the phrase is, though 
retaining all its thickness, the ice will at last scarcely support a 
small weight, though bearing upon a large surface ; the foot of 
man easily breaking through, and very slight resistance being 
made to the point of a cone." The points of contact of the 
pwticles being deatroyed, each will drop into the poeitiou in the 
water below required by the place of its own centre of gravity — 
that is to say, it will be upon its side, exposing large surfaces to 
the action of the warm water. With the ice in such condition, 
a heavy wind will canse the disruption of the particles and the 
speedy disappearance would be the consequence. This remark 
of General Totten as to the crystallisation of ice has ftince been 
extended to neariy all aubstances, which in becoming solid 
assume the crystallized form. The axes of the crystals tend to 
assume a position at right angles to the surface of cooling. 

As illustrative of the mind of Oeneral Totten, it may be 
stated, that he seldom biled to give valuable hints for the im- 
provement of processes or inventions which were brought before 
bim in the course of the discbarge of his numerous official 
duties. Among these was an instrument for ascertaining the 
daily amount of evaporation from a given surface by means of 
the descent of wator contained in an inverted gradaated tube, the 
open end of which was immersed in the basin from which the 
evaporation took place. With a slight correction for variation 
in barometrical pressure, this instrument gives, with more pre- 
cision than any other with which we are acquainted, the amonot 
of evaporation. 
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I have, Geatlemen, thus faintly aod ioadeqaately sketched the 
life and eervices of oar departed flriead and associate ; bat, foint 
and inadeqaate as my sketch may be, 1 feel confident that every 
one will recognize in it the lineaments of a great and true man. 
Labors so protracted, reaatts bo important and varied, it is the 
destiny of but feir to achieve, and for him who achieves them 
may justly l>e claimed a high niche in the temple of Faroe, and 
the grateful homage of the patriot and of the seeker aft«r Truth. 
One of the oldest of the corporators of this Academy, it was 
permitted him only to contribute his past labors and bis shining 
example. But these are indeed a rich legacy. Proud, indeed, 
may this youthful institution be that it can enroll among its 
members the name of Joseph Gilbert Totten — proud too, may 
each one whom I now address — each one of its members — be, 
if be shall athieve but a far less claim to recognition among men 
of science. To the aged among ns — to those who were young 
with him, and like him have crowned a life of toil by honorable 
acbieTcments — I need not speak. TTiei/ require no example, 
and tbey may feel in contemplating bis history an additional 
assurance that their own works too " shall praise them." To the 
more youthful or to the middle aged, who have just commenced, 
or but partially accomplished, the steep ascent which leads to 
honorable fame, bis life is precious in its teachings. 

He was a patriot in the broadest and best sense of the term. 
To his country he had given himself, and every faculty of his 
being was devoted to her honor and welfare — realizing almost 
literally the thought of Rousseau, "the child on entering life 
ought to see his country, and to the hour of his death to see but 
her. " 

Like all who have left lasting results for the benefit of their 
country or of mankind, he was a hard worker. But ill-regu- 
lated labor, however arduous, could never have accomplished 
what he accomplislied. Beyond all men I ever knevr, he was 
systemalic; and few indeed are the examples of a life, in all 
things, BO perfectly regulated. The beautiful order which per- 
vaded all that he did is scarcely less worthy of study and admira- 
tion than the achievements to which it so materially contributed. 

He was no trifler with the realities of life, who dallied with 
them for his pleasure or who wielded them as instruments of 
ambition or self-interest. To bim, as to all true men, the mean- 
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iDg of life vas conceatnted in one siogle word, Dutt. This 
"chief eod of man," which is to glorif/ Qod by obedience to hiu 
laws in the nse of the faculties he has bestowed, was bis ruling 
principle — the celestial cynosure to which his eye was ever 
directed, and from which do allarement of lower motives could 
divert it Nor was his sense of dut; of that frigid, rcpulsire 
nature which redoces the conduct of life to a formola, and, aub- 
stituting rules for emotioos, seems but a reHned selGshness. He 
was warm aud sympathetic, finding his chief happiness in the 
pleasures of domestic and social iutercoarse, but singularly sus- 
ceptible to everything that ministers to innocent enjoyment. 

Perhaps no more striking illustration than his history affords 
could be found of the truth that the path of duty is the path of 
happiness. His life was eminently a happy one, and his, indeed, 
was that " peace of miud which passetb understanding. " Though 
devoted from his youth to the military service of his couatry, 
and doomed to the vicissitudes of a soldier's lot, ho was per- 
mitted to a greater degree than most men to enjoy the blessings 
of the domestic circle. There, indeed, he sat enthroned, the idol 
of a family of whose supreme affection and immeasurable devo- 
tion be was the object. Nor dare we call those blows by which 
a Heavenly Father reminds us that this world is not our " abi- 
ding place," and teaches ns to look beyond to " an bouse not 
made with hands, eternal in the beavens," as sources of unbappi* 
nesB to him who receives them as from the hand of One "who 
cbasteneth whom he lovcth." One by one he lived to see all his 
three sons, two of his four daughters, and 6natly the companion 
of the joys and sorrows of so many years, precede him to the 
grave. 

Beautiful beyond all else that earth presents is that conjugal 
companionship, so touchingly depicted by Bums, which, begin- 
DtDg in youth, is permitted to continue unbroken till the Psalm- 
ist's period of life is overpassed. Paring the later years of 
their lives, Mrs. Totten, no longer bound to the domestic hearth 
by the cares of a growing family, became truly an iuseparable 
companion. Never, when it was at all practicable to have her 
with him, did he ride or walk, or make a journey, or perform one 
of his periodical tours of inspection, without her companionship; 
nor could one see them together without feeling that they pre- 
sented a model of whatever is amiable and lovely in the conjugal 
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Bt&te. If he was to her the embodimeot of all that is most wortiiy 
of respect and lore in man, not lees marked was his defereoce to 
her. In her own sphere — as woman, wife, mother — she wag 
supreme, and her judgment his law. When, but two years 
before his own death, she was somewhat saddenly called away, 
it seemed as if he regarded it as a message from on hi^, " set 
thy house in order, for thou shalt die and not live." No marmur 
escaped his lips, and no long-continued sadness clouded his 
brow, but there was an unwonted gentleness and qnictude in his 
demeanor — a softening as it were of bis nature — which revealed 
how deeply "the iron had entered bis soul," His health and 
bodily strength seemed to continue little impaired, and bis devo- 
tion to tlie duties of his office uudiminishcd. But once, during 
a life protracted bejond the usual span, had that powerful frame 
snbmitted to the sway of sickness, and he seemed to ht^ve 
unusual promise of a still farther protracted life. But such 
promises proved deceitful. Early in March, 1864, he was 
attacked with pneumonia. His illness was not at first deemed 
alarming, and, indeed, at one time he was supposed to be conva- 
lescent, but a relapse ensued, and on the 22d of April he expired, 
having borne the sufferings of his sickness with cheerfulness and 
resignation, and retained to the last the perfetrt use of all his 
mental faculties. He had long been a member and commnnicont 
of the Episcopal Church, and died in the Christian's hope of a 
joyful resurrection. 

Gentle, kind, and good ; mild, modest, and tolerant ; wise, saga- 
cious, shrewd, and learned, yet simple and unpretending as a 
child— he died as be had lived, surrounded by hearts gushing 
with affection, and the object of the respect and love of all with 
whom he had ever been associated. 

The greatest of sculptors, the greatest of painters, a man 
unsurpassed in boldness and originality of thought, and whose 
name is among those of the few whose genius overpasses the 
limits of country and claims homage from all mankind — Michael 
Angelo — in a work stamped with tbe maturity of his powers, 
curved a Rgnre known to the world as " II Pensiero," or ThovgkL 
There exists in art no other personification of meditation — no 
other type of self- eollectedn ess and profound thought. 

Tbe sculptor arrayed it not as a philosopher, as a monk, as 
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an artist, as a theologian, as a scholar, nor even as a pope. And 
yet these different tjpea of thinkers were not wanting in the 
past or present ot the age and conntry of a Raphael, of a Cor- 
reggio, of a Leonardo da Viaci, of a Dante, of a Saronarola, 
of a Marco Polo, of a Columbus, of a Machiarelli, of a Galileo, 
of a St. Francis de Assis, of a St. Thomas Aquinas, of a Julius 
II., of a Leo X., and of a Clemeut YII. 

How, then, has Michael Angelo arrayed his personified 
" Thought" f In the garb of a Soldiee, upon the breast the 
cairass, npon the brow, wrapt in meditation, the iron casque of 
the man of war. The great sculptor has dirined the mjsteriouB 
cause whj, among all people, among all classes, uid in all epochs, 
the soldier is honored. Instinct teaches the people, and gcuius 
taught Michael Angelo, that among so manjr glorious examples, 
among so many immortal vtctims, so many illastnous martyrs or 
deTotees of thought, illustrating an age or a country, the soldier 
stands forth pre-eminently, in all ages and in all countries, the 
Tictim always ready, the defender always armed, the servant, the 
apostle, and the martyr. 

It is the Christian Tersion of the ancient allegory which made 
HinerTB iseue from the brain of Jupiter: Minerva, or wiadom 
armed, the helmet upon her brow, the aword in her hand. 

Will the foregoing paragraphs, which I have translated some- 
what freely from the " Soldat" of Joachim Ambert, a work de- 
voted to the illUBtraiion of the Soldier's career, be deemed an 
immodest or eitrari^ant glorification of the profession of arms ? 
Far be it from me to exalt unduly that profession, but I would 
at least make a claim for it, the more necessary since popular 
apprehension tends to lose sight of the thinker in the man of 
force and of blood, that, more than any other, it embraces all 
sciences and all branches of haman knowledge, and leads its 
followers into vast and diverse fields of thought. Let the illus- 
trious dead be our witnesses; that Idea which the genius of a 
Michael Angelo inspired and embodied in marble, that idea 
which the lives of a Cesar, a Frederic, a Washington, a Napoleon, 
and a Wellington have justified ; the union of Force and Thought 
finds yet another and a varied illustration in the accomplished 
soldier and profound thinker whose life and works we now com- 
memorate. 
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APPENDIX. 

EESOLimONS OF THE UOHTHOTISE BOASD. 

Seaolved, That the members of the LigbthouBe Board feel 
moat deeply tbe loss Buetaincd hj the bntDcb of tbe pnblic 
aervice under their charge in the death of Brevet Major-GcDeral 
Joseph Gilbert Totten, who has been one of the moat naefal and 
active roembera of the Board from ita first appoiDtment in pur- 
suance of law in 1851, under the Secretary of the Treasury, as a 
temporary Board of Inquiry into the Lighthouse Establishment 
of tbe Uuited States, through all the years of organization of the 
establishment and of its executive duties. 

Sesoloed, That the high scientific attainments, tbe admirable 
admioistrative qualities, tbe perfect knowledge of general prin- 
ciples, and atteotion to every minute detail of the system, 
impressed tbe mental and moral qualities of General Totten 
upon bis associates in a way to make bia mind eminently a 
leading one of the Board, while his suavity, patience, perfect 
amiability, and retiring modesty rendered him one of the most 
charming of associates in executing work to which be was so 
much more than sufficient. 

Sesotved, That in the discharge of the daties of inquiry of 
the first Board, the resulting organization, the adoption of the 
present syatem of ligbtiog by lenaes, the subject of construction, 
theoretical and practical, and the use of materials, tbe experience 
and experimental kaowlcdge of General Totten were of tbe 
bigheat value to the Board, and his careful application of tbe 
sciences was of the greatest importance to the Lighthouse 
System ; and that in the lai^e qnaiitiea of common scnae in all 
tbe transactions of the Board, general as well as technical, and 
in his high sense of justice directing great mental power, tbe 
Board constantly felt the support of General Totten as one to 
be relied upon for guidance in all difficult questions of admiois- 
tration. 

Sesolved, That the affectionate qnalities of General Totten's 
heart so endeared him to his colleagnes, that in now expressing 
themselves in regard to his death, they are fully prepared to 
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share to the utmost the deep grief of his family, io whom they 
offer their sincere condolence for the loss of one not to be 
replaced, but to be ever moaraed aa the true, devoted, and 
sincere friend. 

Resolved, That a copy of these resolutions be transmitted to 
the family of General Totten, and to the Honorable Secretarj- 
of War, and to the Honorable Secretary of the Treasury. 

Sesolved, That these proceedings be published in the Wash- 
ington newspapers. 
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Ms. Pbxstdint AND Okntlemkn: — 

In performing the duty aasigned me bj the Academy — thst 
of preparing a memoir of a venerable and lamented associate, 
Proreaaor Silliman — I hare found mjself embarraased oq tiro 
Bccoants: First, for the want of that personal acquaintance 
withoat which it is difficult to apprehend correctly those habits 
of thought and traits of character which it is mr purpose to 
develop ; and secondly, from being called npon to appreciate 
scientific labors out of my own field of Etudy, and where I am 
little &miliar with the details of scientific progress, and there- 
fore specially liable to err. I am quite aware how inadequate 
any sketch of his cbaractcT from me mnst seem to those who 
knew him well. Under these circumstances the rectitude of my 
intention will perhaps shield me from the severity of criticism. 

The facts and dates which I shall hare occasion to nse have 
been derived to a considerable extent from an article under the 
word " Silliman," in the " New American Cyclopsedia," nndor- 
stood to be sanctioned by the intimate friends of onr deceased 
associate, and from a commemorative discourse of President 
Woolsey, delirered in the Centrol Church in New Haven, 
November 28, 1864. 

Benjamin Silliman was bom on the 8th of August, ITT9, in 
the town of Stratford (now Tmmbnll), in the State of Con- 
necticut. Ue was the sou of Oeneral Gold Selleck Sillimau. 
The Silliman family is supposed t« be of Swiss origin. From 
the early settlement of the country they had been residents of 
the neighborwjg town of Fairfield. In July, 1779, the British 
forces, under Governor Tryon, invaded the maritime towns in 
the vicinity, carrying consternation to the inhabitants, and con- 
fli^ation and pillage to several of the towns and villages. The 
family of Oeneral Silliman soujrht refuge in the town of Strat- 
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ford, somewhftt reraoved from the coast. And it wb« there, as 
before stated, that the subject of this memoir was born. It ma; 
be proper to add, that Qeoeral Silliman graduated at Yale Col- 
lege ID 1752, was a lawyer by profeEsioD, and an ardent patriot. 
During the Kevolntiouary struggle he rendered honorable service 
to his country, and evinced a devotion to the principles of liberty 
that might well become a descendant of the heroic and liberty- 
loving Swiss. 

We have not at hand the means of tracing the childhood and 
early youth of young Silliman. At the ^e of eleven years lie 
was bereft of bis father, and was left to the fostering care and 
gnidance of bis mother. It is a sufficient indication of his dili- 
gence and aptitude in learning, that he was fitted to enter Yale 
College at the early age of thirteen years. His older and only 
brother. Gold Selleck Silliman, wbo still survives him, was a 
member of the same class. They both graduated in 1796. 

We have now before ns a young man of seventeen years of 
age, deeply irabned with religious sentiments, honorably dis- 
tinguished as a student, and emnlous of rivalling him who was 
foremost in the pursuit of good learning. To these advantages 
he nnited those of a 6ne physical constitution, and a kindly and 
pleasing address. With such " vautage-gronnd" to start from, 
we might confidently predict that, to whatever field of study he 
might turn his attention, his life would prove & success. 

To talented and ambitious young men the profession of the 
law was then as now, and probably more then than now, the 
road to honor and fortune. Following in the footsteps of bis 
father, young Silliman turned hia attention to the study of the 
law. While prosecuting these studies, at an interval of three 
years from the time of his graduation, he received the appoint- 
ment of Tutor in bis Alma Mater. His last collegiate year 
was spent under the Presidency of Dr. Dwight, who no doubt 
saw in his youthful pnpil those elements of character which 
fitted him for the duties of a college teacher. His name first 
appears on the catalogue as a tutor in 1799. He held the office 
for three years. In connection with his duties as tutor, he con- 
tinued to prosecute the stady of the law, and was admitted to 
the bar of New Haven in 1802. But another field of labor 
awaited him, for which no doubt the study of legal principles. 
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and especially the law of evidence, had girea him a most 
valaable preparatioQ. 

Chemistry and Xataral History bad began to attract the 
attention of educators. Tbey had heretofore been regarded 
more as an adjunct to the medical profession than as a branch 
of general education. The science of Chemistry was then in 
its infancy. Its foundations bad been laid, and it was destined 
to a rapid growth. Priestley had shown the existence and pro- 
perties of Oxygen. The important doctrines of latent and 
specific heat bad been discovered by Black. Cavendish had 
shown the existeDce of Hjdrogen as a distinct flaid, and had 
succeeded in the decomposition of water. Lavoisier had demon- 
strated the chemical changes involved in combustion and evapo- 
ration. Dalton had explained the properties of vapors and 
gases, and especially had discovered the law of combination in 
defioite proportions, and of chemical equivalents. Cavier in 
the meridian of bis glory was building np the great science of 
Comparative Anatomy, and connecting the animal structure of 
long ages past with that of the living present Davy and Ber- 
selius and Gay Lnssac were just entering on their several careers 
of discovery, which have rendered their names illuetrions in the 
history of science. The science of Geology, as now understood, 
had then no existence. 

With these facts before him. President Dwight saw the impor- 
tance of making Chemistry and the natural sciences a part of 
general education. Ho discerned in his young friend those 
endowments and aptitudes of mind which promised success in 
these departments of science. He accordingly, in 1802, urged 
upon Mr. Sillimao the expediency of abandoning the profession 
of the law, and of devoting himself to science. The suggestion 
was adopted, and the corporation of Tale College in that year 
elected " Benjamin Silliman, Esq., as the Professor of Chemistry 
and Natural History." It is oor impression that there were at 
that time only two of oar collegiate institntions where instruc- 
tion was given in Chemistry— those of Harvard College and 
the University of Pennsylvania. 

Professor Silliman did not immediately enter upon the duties 
of his new office. He took time for preparation. Portions of 
two winters were spent in Philadelphia, as a student of Dr. 
Woodbouso, prosecuting his professional studies under advau- 
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tages which probably no other American city coald then rnmisb. 
Dr. Hare had at that time just invented and bronght into nee 
the Oxyhjdrogen or Componnd Blowpipe, which generated an 
intensitj of heat hitherto aQJcnown to the Laboratory, and gave 
to science a new and efficient means of research. It waa fortu- 
nate for both, perh^a, that Professor Sillimaa was engaged 
with him in many experimeots with this instrument. His first 
course of lectures was given in the winter of 1804, and repeated 
in 1805. With a view more folly to prepare himself for the 
duties of hia professorship, he determined to avail himself of the 
advantages of foreign schools of science, and accordingly sailed 
for Enrope in the spring of 1805. He remained abroad some- 
what more than a year, attending lectures in London and Edin- 
burgh, and devoting a portion of his time to trarelling. Id 
1810 he published an account of his travels, entitled "Joamal 
of Travels in England, Holland, and Scotland in 1 805-06," 
in 2 vols. 8vo., which, in a subsequent edition, was printed in 
8 vols. 12mo. This work is replete with useful and interesting 
matter, refiecting in an easy, perspicnoos style the impressions 
of a diligent observer of men and things. It was widoly circu- 
lated, and gave to the author an agreeable introduction to the 
reading public. 

During this residence abroad he had the opportunity of 
becoming acquainted with many of the foremost scientiGc men 
of that period, Among others he mentions Dngald Stewart, 
Professors Hope, Murray, Playfair, Jamieson, and Seymour. In 
the preface to his Treatise on Chemistry, he acknowledges 
special obligations to his former teachers. Professors Murray 
and Hope of Edinbni^b. Nor did he fail->^ks who would f — to 
embrace the opportunity of listening, in the House of Commons, 
to the eloquence of Pitt and Fox, Sheridan and Windham. 

On his return from Enrope, in 1806, Professor SilUman 
resumed the duties of bis professorship, embracing chemistry, 
pharmaceutics, mineralogy, and geology, which be continued to 
discharge with ability and rare popularity for a full half-century. 
He did not during this entire period have under his charge all 
these subjects, but it was only in 1855 that he relinqnished his 
post as a college teacher. Very few men in any department 
can show a scientific career so laborious and so long continued. 

Of the results of the instructions given to his college classes, 
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I eh&ll speak farther on. But I maj hen say, that it was not 
the habit of his mind to confinehiraself to any eingie inquiry, or 
to any narrow routine of stndy. Whatever of ecieatific interest 
presented itself in any direction was sare to attract hia attention. 
Thoagh not to be placed in tiie list of great discoverers, he was 
among the earliest, in the progress of cbemicaJ science, to verify 
the discoTeries of others, and so to illnstrate and incorporate 
them in the body of science as to make them accessible to bis 
papil. The discovery of new truths is restricted to the fortu- 
nate few ; the diffusion of them belongs to the practical, diligent 
many. A brilliant reputation crowns the former ; comprehensive 
usefulness is the reward of the latter. Professor Silliman, pur- 
suant to the practical bent of hia mind, appears to have made 
the diffusion of knowledge bis chosen field of labor. He never 
lost sight of the general interest and public utility of science, 
yet this characteristic of his mind did not prevent him from 
prosecuting at times laborious original researches. In 1811 he 
instituted an extended course of experimenta with Hare's blow- 
pipe, in which he succeeded, as he tells us, in melting lime, 
magnesia, rock-crystal, gun-flint, corundum gems, and a long 
list of the most refractory minerals, " the greater part of which," 
he adds, "had never been melted before.'" A detailed account 
of these experiments was published in the Transactions of the 
Connecticut Academy of Arts and Sciences, in 1812. 

On receiving intelligence of Sir Humphry Davy's discovery 
of the metallic bases of the alkalies, he immediately repeated his 
experiments, and " obtained, probably for the first time in the 
t7mted States, the metals potassium and sodium."* While con- 
ducting some experiments with a powerful Hare's Galvanic 
Deflagrator, in 1811, he observed that the charcoal "point of 
the positive pole" instantly " shot out" towards the negative pole. 
And on further examination he found that there was a corre- 
sponding cavity on the point of the negative pole. He hence 
inferred that there was an actual transfer of the matter of the 
charcoal points from one to the other. He farther found, on 
careful examination, that the charcoal was fused. An account 
of this interesting discovery is given in the fifth volume of the 
Journal of Science. It is claimed for Professor Silliman that 

■ JoOTDsl of SoI«Doe, vol. i. p. 99. ■ Am. Cjo., j Silliouut. 



ilzed by Google 



NATIONAL ACADEMY OF 8GIEN0E3. 

he was the first to establish this trajia/er of the particlea of 
carbon, Kod the first ftlso to^use carbon in the voltaic arch. 

Professor Silliman early felt the DeceBsity of having some 
medium of commanication between the cultivators of Physical 
Science and Natural History in different parts of the conntry. 
He saw how mDcb science abroad was indebted to snch journals 
as "Thompson's Annals of Philosophy" ia England, and the 
"Annales de Chimie et de Physique" in France. He resolved 
cTn establishing a similar jonrnal in this country, which should 
present to the public at brief intervals the results of scientilic 
research, and by that means accomplish the two objects of dif- 
fusing information and stimulating inquiry. He accordingly, with 
pledges of assistance from s respectable corps of contributors, 
commenced the publication of the " AmericaQ Journal of Sci- 
ence," more popularly known as " Silliman's Jonrnal." The first 
number bears the date of 1819. For twenty years he was the 
sole editor, and the senior editor for eight years longer. He 
continued it under many embarrasements, and with far less 
patronage than its merits deserved. For a locg time his own 
labors, which were never small, may almost be said to have been 
gratuitous ; and not unfrequently the expense of bringing out the 
numbers became a charge upon his private funds, at least till 
generous friends came to bis relief. Whatever this journal has 
done for American Science at home and abroad, and how much 
it has done every one knows, it was the creation of Professor 
Silliman, Under the management of a man of less energy, less 
confidence of hope, less devotion to the interests of science, less 
practical tact and administrative ability, the American Journal 
of Science would probably be remembered only as a premature 
and unsuecessfal attempt to follow in the footsteps of older and 
more scientific nations. 

Professor Silliman wielded a prolific pen. In 1820 he pub- 
lished, in a duodecimo volume, the incidents and observations of 
a journey from Hartford to Quel>ec This journey was performed 
by slow and easy stages, and the volume abounds in pleasant 
descriptions of the different towns through which he travelled, 
with historical reminiscences and notices of geological forma- 
tions. 

In 1829 he edited an edition of Bokewell's Geology, and added, 
in an appendix, a copious compend of his own coarse of lectures 
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to hia college classes. Id this compend the antbor presents & 
clear aod simple statemeDt of tbe facts and principles of tbe sci- 
ence as tbey were then understood, basing his arrangements, as 
be remarks, "upon tbe great outliaea of the Wemerian plan." 
Without following any one as an nuthoritative guide, he evidently 
accords to Werner a degree of merit which later writers, as I 
apprehend, have not found reason to bestow. He says, in bis 
preface, "It baa become fashionable to decry Werner; bat, with* 
oat being his blind admirer, I may be permitted to ask, Who 
has done mora for Geology, and who has done it better ?" 

In the controversy so long and bo fiercely maintained respect- 
ing tbe Mosaic account of the Creation, be gave his decided sup- 
port to the defenders of Scripture. He saw no necessary dis- 
crepancy on that subject between the teachings of science and 
the teachings of revelation. "The writer," he remarks in his 
preface, "after studying the subject for many years, has formed 
the opinion that the geolt^ical facts are not only not inconsistent 
with sacred history, but tliat their tendency is to illustrate and 
confirm it." With respect to the Mosaic accoant of tbe Deluge, 
he expresses himself even more strongly. "Geology," he says, 
"fnlly coaGrma the Scripture history of that event" 

In 1830 be published an elaborate treatise on Ctoneral Chemis- 
try, in two volumes, octavo, entitled " Elements of Chemistry, in 
the order of the Lectures given in Tale College." It lays no 
claim to originality in the treatment of the subject. From the 
results of his own laboratory, and from his much reading, he 
gathered up all the known facts and laws of the science, and 
embodied them in a form which he deemed most convenient for 
instruction. His object, as expressed in bis own language, was 
"tonnitecopioueuess with condensation, perspicuity with brevity, 
and a Incid order and due connection of subordinate parts with a 
general unity of design." The work was, we believe, well received 
by the scientific public, and somewhat extensively used for tlie 
purpose of elementary instruction. lu the judgment of a contem- 
porary journal entitled to high consideration, " it was a work that 
was Deeded," and that was "eminently adapted to tbe objects for 
which it was prepared." 

In 1851 Professor Silliman made a second visit to Europe. 
Forty-five years had wrought great changes in the scientific 
circles familiar to his first visit. Many whom he had once known 
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were no more. He had the happiness, however, of pereonallf 
meeting maojr others whom he had long known aa scientific cor- 
respondents. -The accoant of this visit was given to the public 
in three volomes, duodecimo, in 1853. It was a work well stored 
with carefnl obserrations and interesting narratives, thus recalling 
many agreeable reminiscences in the minds of those who hare 
Tisited the same scenes, and communicating mnch useful informa- 
tion to those who hare not To show the public appreciation 
of tliis work, we may remark that, while new works of the same 
general description have been constantly teeming from the press, 
this has already passed through six editiona 

1 have thas briefly referred to the published works of Professor 
Silliman. But these do not, by any means, comprise the whole 
of his scientific labors. His special field was the diffusion of 
science ; and his special gifts and acqairements made him one 
of the most popular scientific lecturers in the country. His com- 
manding presence, his urbanity of address, his wealth of knowl- 
edge, his ready and graceftil elocution, were all fitted to win the 
public favor, and secure for him a large and delighted audience 
wherever it was his pleasure to speak. Without being profound 
or original, he selected from the great storehouse of knowledge, 
all familiar to him, so Judicionsly, and threw soch an enchantment 
around his theme, that all felt a kindling of enthusiasm aa they 
listened. They drank in the doctrines of latent beat and chemical 
equivalents, saw through all the fbima and laws of crysUlliEation, 
and could plainly read in minerals, and fossils, and rocks of the 
fields, the geologic eras which stretch back into the immeasurable 
past, where no human eye ever saw. It was the power of per- 
sonal inspiration that seemed to quicken their intellects. 

Between the years 1834 and 1845, Professor Silliman delivered 
courses of scientific lectures in neady all the lai^ cities of the 
country, ranging from Boston to New Orleans. He gave four 
courses before the Lowell Institute in Boston, "Treated every- 
where," says President Woolsey, in speaking of these lectures, — 
"treated everywhere with the highest consideration, welcomed 
by the numerous sons of Yale dispersed through this broad land, 
he had almost a trinmphal progress, and widely diffased, it is 
believed, a taste for physical science." 

Such is a brief summary of the scientific labors of our deceased 
associate. 1 can recall but few men who have labored so long, 
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and done eo mnch. • But my task wonld be incomplete without 
some additional remarks illustratiye of hie character and services. 

Id the general retrospect of his life, one cannot bat be stmck 
Tith the amount of labor which he performed. The superin- 
tendence of bis journal, preparing its articles, canying on itslai^e 
domestic and foreign correspondence, and looking aAer its insuffi- 
cient finances, was itself no easy task. But to this he added 
almost daily lectures to his classes, often reqniri&g mnch prepa- 
ration, and yet fonnd time to prepare books of inetruction, and 
lectures for the public. 

It seems to me that the vtilily of science, in its broadest sense, 
was always uppermost in his mind. He is always tracing abstract 
prindples to their practical applications. In his several books 
and papers, he aims at the accomplishment of useful ends. His 
style of writing looks to this. It is direct, simple, perepicnons. 
Its only object seems to be to expound clearly the sul^ect nnder 
consideration. It is business-like. It reads as if the author had 
too many important matters on his hands to occnpy himself in 
the mere refinements of style. 

We have already referred to the distinction between the di&> 
coverer of new truths and him who diffoses them ^road and gives 
to them their practical applications. The former is testing tlie 
powers of nature by the crucible and the balance and all those 
reagents which bring into play the affinities of matter; the latter 
is acting upon the intellectual powers of the community, and pnt- 
tiug in motion far and wide over the land those mental agencies 
which result in wider general knowledge, higher culture, sounder 
practical judgments, and more productive industry. It ia some- 
times difficult to say which of these two classes of laborers confers 
the lai^st benefits upon the world. Nor, indeed, need we 
attempt to decide upon their respective merits. It is sufficient 
that they are both necessary to the highest ends of scieDce. It 
was the fortune of our friend to act, for the most part, as the dif' 
fuser of knowledge. And by what criterion shall we estimate the 
obligations wbich we owe to him in this respect f 

It was said of Dr. Black, by a very competent judge' of his 
scientific merit, that "his influence on science was chiefly exerted 
through the medium of his pupils and of his intercourse with 

> Vtnt. J. D. ForbM, 2aojc. Brit, 6th DliwrtatloD, p. S27. 
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general Bocietj." With equal trutU may this be said of Frofeasor 
Silliman, aDd eBpecially wheo we consider the vast extent of his 
field of instruction. Among the pupils of half a century how 
many have cangbt the enthaeiasu of the master and girea their 
energies to science, and placed their names high on the list of 
its honored cultivators I How many hundreds and tbonsands 
of those who, in different cities, have listened to his eloqaent 
lectures, have learned to appreciate science, and gather refined 
pleasure from its culture, and give to it their hearty patronage I 
Mow regularly and how widely has his Journal carried to the 
reading public intelligence of the latest discoveries, and the best 
practical applications of science 1 

Considering all this, who shall say that his efficient influence 
has not been felt in every institntion of learning, in every profes- 
sion, nay, in every workshop, and every cultivated field in this 
broad land of oursl 

It is uadonbtedly true, as has been stated by one of bis accom- 
plished colleagues, that " his mind was of the rhetorical, not of 
the analytical cast." He seldom expended his energies in at- 
tempting to unravel tho dark and tangled web of science, Fro- 
found, original thougtit was not the productive element of his 
mind. lie followed in the footsteps of the explorer, and quickly 
gathered up whatever was valuable in the way, and sent it forth 
on its mission of utility. In view, then, of what he has done for 
Chemistry, for Mineralogy, for Geology, and for the general dif- 
fusion of knowledge, we may well say that the name of Silliman 
will ever be an honored name in the annals of American Science. 

Thus much we tliink may be justly and pertinently said of the 
scientific career of Professor Silliman. But he was more than a 
scientist: he was a citizen, i patriot, and a Christian. 

As a citizen we believe he was universally honored and 
beloved. He was in every good work. His kindly interest in 
those about him, his uniform nrbanity, his readiness to oblige, 
made fi-ieuds of all who had the opportunity of knowing him. 
It will not be too much to say that his fellow-citizens by common 
consent regarded him as their first citizen. He was their repre- 
sentative man. His presence added dignity to every assembly. 
His counsels were listened to as words of patriarchal wisdom 
and authority. 

Ab a patriot it is well known how ardent he was in the defence 
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of the Constitotioii and the laws, when they were impcrOIed by 
the machiDationa of disloyal men. When tbe couflict arose 
between slavery and freedom in Kansas, he threw tbe whole 
weight of his influence into the scale of freedom. He eaw clearly 
that tbe ambitious designs of tbe slave power mnst be strenuously 
opposed and defeated at that point He was satisfied, as many 
others were, that Inkewarmness or indifference tben might be 
fatal to the interests of freedom throughout tbe republic for gene- 
rations to come. That was one of tbe turning-points in our 
national destiny. A profound regard for justice and tbe rights 
of humanity and the honor of tbe nation nrgcd bim to 3o every- 
thing in bis power to prevent the further extension of slavery in 
the Territories. 

When the purposes of tbe slave power culminated in armed 
secession, there was but one conrse before bim. It was to sustain 
the government and put down the rebellion by every means in 
tbe power of a great and free people. In the disruption of the 
government, and tbe establishment upon our borders of a political 
power based on human slavery aa its "chief corner-stone," be 
saw nothing but national humiliation, disaster, and ruin. His 
country, entire and undivided, its Constitution and equal laws 
securing freedom and protection alike to all; these were the 
objects of hia profoond regard. And higher objects than these 
tbe loftiest patriotism has, perhaps, never achieved. 

I have yet to speak of our associate as a Christian. Without 
. this, all that I hare said and all that could be said would leave 
bis real character unfinished ; nay, almost distorted and deformed. 
Early in life be became convinced of the truth of revealed religion 
and of his personal duty in response to its mandates. He made 
a pnblic profession of bis faith in Christ while a tutor in college, 
and became a member of the College Church. For more than 
threescore years, in all the relations of life, be exemplified tbe 
virtue of tbe Christian character. At tbe time of his death be 
was, with one exception, the oldest member of the College 
Church. If I may judge fh>m tbe testimony of others, tbe lustre 
of his Christian character grew origbter and brighter as he drew 
towards the end of his pilgrimage. The contemplation of nature, 
no less than tbe sublime teachings of Scripture, inspired bim 
with true devotion. His death was but tbe beantiful termination 
of a conscientious religions life. With physical powers far less 



iized by Google 



MATIOMAL AOADEHT OV eCIENCGS. 

impaired than is asu&l to bis age, ttnd witti mental, powers stil 
fresh and active, he died in the bosom of his family almost with- 
oat warning, and without pain, on the uoming of Thanksgiving 
day, November 24, 1864, in the eighty-sixth year of his age. He 
bad JDSt closed Lis accnstomed service of prayer and praise, with 
a heart full of gratitude to God for the blessings bestowed upOD 
him, he was uttering words of endearment and affection to mem- 
bers of his family when the summons came, and he was numbered 
with the dead. In contemplating a scene so touching, who can 
refrain from exclaiming, in the langnage of Scripture, " Let me 
die the death of the rigbteons, and let my last end be like bis "7 
Professor Silliman was twice married. He waa most happy 
in his domestic life, and in the children and grandchildren who 
will delight to honor his memory, and bear onward the torch of 
science which be has laid down. 
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We cherish the mcmoiy of the good and wise, not because they 
ftre rare, for the world iu full of them; tbcy exist in ereiy society 
and grade of society, in ever; basioess and profession, even in 
the limited circle of acqaaintanceship of every respectable person. 
Bat we cherish the memory of the wise and good, because it ia 
dear to as, becanse we hare been tanght, encouraged, aided, 
cheered, blessed, and ennobled by them ; and tUeir memory is a 
continnation of their living words and deeds, and we can make 
it an heirloom for oar children. A man to be remembered is a 
man to be spohen of. Even in the most barbarous aboriginal 
stages of the history of mankind, men here and there appeared, 
whose biographies, could they be written, the world coald make 
good DSC of. In our own days of high civilization, almost every 
active life deserves a record. Bat the law of natural selection 
mlcs in literature also, and the struggle for posthamoas fame, 
like the straggle for animal life, is crowned only in the persons 
of the best competitors. One of these favored few ne celebrate 
this evening. 

A man of religion, a man of science ; in both, a docile student 
and an expert teacher ; in both, enthusiastic and self-sacr'flcing; 
in both, gentle, persuasive, affectionato, sympathetic; in both, 
shackled by traditions which he both feared and hated to break, 
yet vigorously holding up his shackles and keeping abreast and 
in some respects ahead of the advancing age. 

Such was Edward Hitchcock, one of the fathers of American 
Geology, and one who continued to the close of a long life to be 
an original investigator. A man of ardent fancy, impalsive, 
curious, aud credulous ; docile and teachable beyond any adnlt 
man of science I ever knew ; modest to a marvel ; yet, with all 
this, a man of suiBcient Bclf-relianco and determination for the 
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moat important practices of life, patient of difSculties, pereever- 
iDg and iDdustrious for final success in noy undertaking, sound 
in judgment, and disciplined in temper, a friend to all, and tlie 
friend of all, bis whole career laid claims to eminence, which 
would have lx;cn pre-cmiuence in American Theology, had it not 
been for tlic interference of his science, or in American Science, 
had it not been for his devotion to the ecclesiastical and financial 
interests of the College, which he sarcd from premature decay, 
and rcfoundcd upon the deliberate sacriGce of his own ambition. 

Edward Hitchcock was born in 1193, His father was a small 
farmer who had learned the trade of a halter, had fought in ibe 
Bevolutionary War, and was a deacon in a Congregational Charch, 
a man of strong mind and steadfast piety, a genuine New Eng- 
land Puritan. 

Hia mother was a high-bred New England woman, one of 
those perfect creations of divine skill by which the development 
of onr race is guaranteed ; a woman of quick intelligeDce, pure 
heart, and exquisite sensibility. The son was therefore bom 
both to religion and to science. The keys of the spiritua) and 
of the physical worlds were hid beneath his pillow. He heard 
told every morning the tremendous dreams of the Church, and 
became a poet. The Unitarian controversy made him a thinker. 
The Comet of 1811 made him an observer. Step by step hia 
imagination and his understanding were unfolded, alternately 
and together; and neither at the expense of the other. The 
times were propitious. The nineteenth century opened when he 
was bnt eight years old, the age when the brain is fully formed 
and fit to begin its work. The harvests of New England ok 
neither corn nor wine nor oil, but self-reliance and independence, 
economy and ener^, intelligence, high aspirations, the power to 
learn and the right to teach, insight into the worth of ideas, and 
a scorn of facts which do not submit to universal laws, a curiosity 
bounded only by the limits of the possible, and a veneration for 
man as man ; the master, not the slave, of circumstance. These 
were the influential forces which worked around our young philo- 
sopher and poet, educating him to become the intellectual teacher 
of his village (Deerfield) at the age of twenty-two, the religions 
teacher of the church at Conway at the age of twenty-seven. 
Professor of Chemistry and Natural History at Amherst at the 
age of thirty-two, chief of the Geological Survey of Massachnsetts 



iized by Google 



XDVABD HITCHCOCK. 

at the age of tbirtj-seTen, Doctor of Laws from Harvard, and 
represealative of American Science as first President of the 
American XsaoctatioD for the Advancement of Science at the 
age of forty-seren. At fifty-one he represented both science and 
religion as Preaidcnt of Amherst College, and continaed to be 
thus one of the foremost men of his age for twenty years longer, 
until his death iu 1864. A Tencrable life I 

There is something not a little awfnl in exploring the domains 
of a life that is not ours. It is a labyrinth illuminated with the 
faintest twilight ; a group of caverns to be sarveyed with ropes 
and torches, haunted by romance, and stocked with images to 
which the excited imagination of each spectator gives same dif- 
ferent shape. The principles, the motives, of another man's soul 
are to me underground rirers, flowing iu andiBcemible abysses; 
and bia thoughts flash before my eyes like Frotei in the waters 
of the cavern at Adelsberg. What can I know of their birth, 
or of their true shapes and uatares f I can see that many of 
them are blind; but I must argae that they are all well fitted for 
their native home. The good and the bad, the wise and the 
foolish, all add alike to the beauty of the entire universe. The 
biographical critic therefore runs a thousand nska, either of im- 
pertinently maligning tlie creature, or of presumptuously arraign- 
ing the Creator. Neither is all gold that glitters ; and the bio- 
grapher must not expect to be believed when he returns to the 
daylight of crowded life and describes his Wier's Cave as filled 
with exquisite carved statues of Washington, or the glittering 
crystals in the roof of his Mammoth Cave as equalling, in their 
brillianuj, number, and efl'ect upon the senses, the stars in a 
tropical sky. Too much sonsational biography has been allowed. 
Individual souls are worth no more to the race than Sndividnnl 
soldiers to an army. Even in camp the waste is ten per cent. 
But the moment the army moves, the waste becomes thirty per 
cent, and forty per cent. Such is the waste of souls in time of 
spiritaal escitemeut, in revivals of literature or religion, and in 
the periodical advancements of national politics towards a per- 
fect socialism. Yet the histories of nations tost, and the biogra- 
phies of souls wasted, deserve better to be written, because fuller 
of adventure, and therefore of instruction, than those of Rome 
and CffiSBT. But the muse of history can only write in presence 
of its monuments. What botanist could succeed, were he to 
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study only the fallen tranks and macerated leaves of the forest f 
The moDumeuts of a life are its only gnaranty of immortality ; 
dim, mystical, and fragmentary though the hieroglyphics be from 
which they that come after are to make out the complexity and 
grandeur of the character of him who has gone before. 

The man whose eulogy we read to-night has left ns monuments 
enough. They stand in long lines above his resting-place, like 
the Menhirs of Camac, vistaa of monoliths. Some men are sat- 
kfied if they erect but one, like tJiat which now lies broken into 
four fragments at Loc-Maria-Ker in Brittany, along the ground. 
The intellectual energy of other men snrvives in some Druid cir- 
cle sacred to a single deity. But Edward Hitchcock lived a 
various life, and wrote of all that touched the deepest conscious- 
ness of his age. His monuments stand in parallel ranges. In 
Religion he wrote five volumes and thirty-seven essays, pam- 
phlets, and tracts. In Science ho published fourteen volumes, 
five pamphlets, and seventy scientific papers, on Botanical, Mia- 
eralogical, and Geological and Physical subjects, in journals and 
reviews. His works on Temperance are in three volumes and 
three smaller tracts. In early life he wrote a tragedy, the year 
the great Napoleon fell. And there are twenty-six titles given 
us of various other productions of his pen, which went to swell 
the current published literature of the times in which he lived. 
Other men write as much, and publish nothing. But who counts 
the half-cut stone still lying in the quarry as among the obelisks 
of Egypt? This man lived for his times, not for himself. He 
was no dilettante. The perfume of the flowering of his soul was 
not wasted on the desert air. He was no anchorite, but a true 
missionary both in religion and in science. He was not fond of 
that dolce/ar ntente which confined the delights of the Decame- 
ron to a select circle of ladies, while the surrounding world wns 
wretchedly perishing with the plague. He did not sympathize 
with the proud reticence of men of science who claim that the 
doctrine is esoteric; that to popularize science, degrades it 
What he learned, he communicated, like an apostle. And if, like 
an apostle, his zeal led him to act or teach an error, he was ready 
afterwards, like an honest man, to make his recantation, and ad- 
vance the general intelligence in that way also. But he was 
saved fi-om making great or many errors by the patience and 
precision with which he worked. 
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The best illustration or his prectBton ia affordod bj the hiatory 
of his coatroversy with Mr. Bluot, the repablishcr of the Nantical 
Almanac- in Hew York. In 1811 young Hitchcock had ased the 
telescope of Deerfield Academy for observing the comet. "The 
Bubsequent winter," he says, "was in good measure devoted to a 
reduction of bis observations, and, as he had access to few books, 
he was obliged to calculate by spherical trigonometry many ele- 
ments which, at this day, are found in the tables of practical 
aatrouomy. The mere effort to form an accurate idea of the nn- 
nierous spherical triangles he had to constrnct was an admirable 
discipline, and their accurate solution not less so." In making 
these calcnlations ho was obliged to use Blnnt's Almanac, on the 
opening monthly page of which this challenge was ostentatiously 
printed : " Ten dollars will be paid on the discoTery of an error 
in the figures." The young astronomer amused himself by col- 
lecting sach errors, and mailed his collection to New York. In 
spite of the placard their value was unrecognized. He then pub- 
lished the list in the American Monthly Magazine. Blunt's ire 
was roused; ho hastened to explain that, although "one EdwanI 
Hitchcock had made the discovery of some few errors in the 
astronomical portions of his Almaniic, the portion devoted to the 
practical nse of sailors would be found to be perfectly reliable, 
and was a thousand times more important." The young astron- 
omer was soon ready with another list, taken this time from the 
tables of lunM" distances, practical enough on shipboard. The 
publication of these twenty errors, and of thirty-five more six 
months later, were bis only reply to the scurriloos attack of Mr. 
Blunt. True science received its proper reward. The boastful 
and stupid editor of the Almanac was compelled by public opinion 
to employ a competent person to recalculate the Almanac for 1819, 
and advertised the enlargement of his own ideas by prefacing in 
the new edition these more modest words : " It will afford much 
satisfaction and promote commercial advantages, if, on discovery 
of an error in any nautical work, publicity should immediately be 
given." No allusion, howevei-, to "one Edward Hitchcock" — 
merely a presentation copy, in which thirty-five new errors were 
immediately discovered, announced, and acknowledged humbly by 
the editor. There is no estimating the value of such a bit of 
scientific bistory. When the young mountain poet of Israel en- 
countered the giant Goliath of Qath, a slip of that young foot 
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npon tUe rock, a qaiver of the eyelid, wonid hare changed the 
stream of history through all ages, and postponed the coming of 
Christ to save tbe world. But to the young poet himself, the 
prosperous issue of the adTenture was more than the salvation 
of a world ; for it made bim the right arm of lerael, and t^e 
tongue of Christendom. The same law of the mutual intersnb- 
ordination of tbe whole to the part, and of the part to the whole, 
however denied by tbe school of Buckle, holds good under all tbe 
disgniees of modern socialisms. The young Hitchcock, in a mo- 
ment of idle fancy, with the daring of a fresh obserTer who bad 
never yet been punished for making a mistake, attacked one of 
the established institutions of the world, and, by his courage, 
clear sight, patience, and good nature, introduced a practical re- 
form which was felt on every ocean round the world, and, at the 
same time, lifted himself to the platform occupied by recognized 
and experienced men of science, where he continued to observe 
with the same patient precision, and publish with the same cou- 
rage all he knew. 

He says in bis autobiography, reviewing the list of his p&bli* 
cations, that it seemed as if he had written and published too 
much — that, bad he spent more time in preparing his productions, 
their literary execution would have bee« raoro creditable, and the 
thoughts more matnre and eScctive ; but the peculiar circum- 
stances of his early life compelled him to a course which, proba- 
bly, he adds, " were I to live my life over again, I should pursue 
essentially the same " But the subjects on which he wrote were 
novel, requiring original research, and the descriptions of them 
scientiHc accuracy rather than literary elegance. This is bis self- 
excuse, gratuitous and unnecessary ; for the style, especially of 
his later works, is sutGctently scholarly, and the order, as well as 
the expression, of his thoughts, lucid and complete. 

This, however, is no place for the reading of a critical review 
of his geological or of his religions works. I can only group 
them Jn such a way before your imagination as to paint the fore- 
ground, the background, and the middle distance of his soul's 
life. In tbe foreground, the terraces of the Connecticut and 
Deerfield valleys, the fossil footprints on the qnarriea of Hadley, 
and the flattened pebbles of the gneiss ; the middle distance fuJ' 
of tlie local geology of Massachusetts nnd Termont, Martha's 
Vineyard, Portland and its vicinity, Texas, Western Asia, and 



iized by Google 



EDWARD HITCHCOCK. 

the world at large, with & thoDEand phyaical and social Eobjects, 
all JQteresting to bis active, eerious, and affectionate mind; and 
in the background, Alps on Alps of encrcd dogma and religious 
aspiration, with glaciers interspersed of cosmic speculations, and 
deeper vales of self-consecration, eelf-sacrifice, and beneGcence, 
bearing their harvests of good fruit. 

In the foreground of every life, distinguished from the common 
life of the crowd, lies Bome object characteristic and nominative, 
the seal and signature of that man's dsemon, by which be shall 
be recognized and spoken of forever. The print of a bird's foot 
on a slab of red sandstone is the tolem of Edward Hitchcock. 
He was not the first to see these wonderful remains, nor even the 
first to see tbem with an eve of trained judicial and executive 
science. Bat though others built and owned the city, he carried 
off its gates upon his shoulders. His patience in examining 
these remains; his economical skill in collecting them; thetaste 
and lai^eness of mind which ho displayed in their arrangement, 
and the energy with which ho pnrsucd this new branch of Pnlte- 
ontology, until the world recognized its claims and learned its 
merits, entitle him to rank, at least, as the coequal of its true 
discoverer. Dr. Dean early convinced himself, and Dr. Hitch- 
cock afterwards, that the vestiges were those of living creatures, 
birds wading on the estnary flats ; and both together convinced 
the world of it. But, besides this, there was much more to do. 
Specific differences were to be determined. Ho, Hitchcock, 
determined one hundred and twenty species. Comparison with 
foreign specimens was indispensable. He made the finest cabinet 
in the world, and placed it at the disposal of students. He pui>- 
lished plates and descriptions of its contents, so that geologists 
in other countries might discuss opinions. Ho exerted such an 
influence over the public mind that the State of Massachusetts 
became the publisher of the new department. No controversies 
will ever avail to divorce the name of Edward Hitchcock from 
that of Omithichnology. His name has become itself an imprint 
— not a bird-track, but a bard-track — upon the rock. Sedgvrick 
and the Cambrians, Mnrchison and the Silurians, Hngh Miller 
and the Devonians, Rogers and the Appalachians, Lyell and the 
Tertiaries, are not more household terms in the history of our 
science, than is " Hitchcock and the Xew Red Sandstone" of the 
Conneciicnt River Valley, with its beautiful trap ranges. Mount 
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Tom, Mount Ko\y6ke, and the rest of tbem; and its Robinson 
Crusoe footsteps in the eand of an age so ancient that the silence 
of the dawn of an eternity seeiua brooding in it; broken only b/ 
the weird cries of these birds, or the horrid croaking of batrachiaas 
huge as our pachyderms, among whom they fed. This ancient 
mysterj remiuda one of the liorrid stories of the haunted house 
of Pottsville, where tlie inmates would be sitting at tbeir work, 
the doors woald fly open, sighings would pass along the air, foot- 
steps would be seen pressed into the soft plush of the carpet, but 
not a form possessing the solidity and heaviness of life could be 
once observed. Although the majority of these vestiges seem to 
have belonged to quadrupeds, yet a few of them were probably 
the tracks of bipeds; aod even if these bipeds shall turn ont to 
be reptilian in tbeir principal features, and to belong to some 
synthetic type, like that expressed by the Solenbofen archieop- 
teryx, the term "bird-track" will continue to be nsed for all of a 
trifid form, and Hitchcock will remain the great expounder of the 
difference. 

His first account of them dates back thirty years. In 1836 he 
published his first description of the Footmarks of Birds (Omi- 
tbichnitcs) on the New Rod Sandstone of Massachusetts, in the 
twenty-ninth volume of SiUiman's Journal. He folloived it up 
with a description of those found in Connecticut in the tbirty-Brst 
volume; a general table of fossil footsteps in sandstone and gray- 
wacke in the thirty-second volume ; five new species in the first 
volume of the Transactions of the American Association ; still 
new species, with descriptions of coprolites, in the forty-seventh 
volume of the Journal ; and an analysis of the coprolites in the 
forty-eighth volume. He described two more species in the fonrth 
volume of the new series of the Journal, still more in the twenty- 
first volume. His first quarto volume on the Fossil Footmarks 
of the United States, from the Transactions of the American 
Academy, appeared in 1848, and additional facts respecting the 
Otozoum Moodii in the Proceedings of the Association for 1855. 
His quarto report on the Icbnology of New England appeared 
in 1858, with further remarks, in the Proceedings of the Asso- 
ciation for 1860, and new facts and conclnsions in the Jonrnal 
for 1863, These ore his monuments. Most men would consider 
them sufficient for one life. In his they merely mark an episode; 
bat there were others: an episode only of bis scientilic life. I 
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l^ave the DoticQ of it here, with the remark that he worked in it 
almost alODe, and that Le faaa left it staadiug unaltered by the 
labors of others. His pablications on this theme are not only 
classical, but standard. His determinations are of accepted 
authority, which no controversial doubts as yet oI>scure. I pass 
now to others of which this cannot be said — in which he has been 
a disciple rather than a master — and which are rather charac- 
teristic of the genius of the geologist, than influential in the pro- 
gress of geology. 

I refer first to the study of the Drift. In Structural Geology 
this is the great questioa of tlie day. The subject has eztraor* 
dinary difficulties. Could we determine the cause of the drift 
deposits, it would explain much that is puzzling in all the forma- 
tions, down to the very hose of the Laurentian. The wildest 
speculations meet at this point of Geology. It is the horse-lati- 
tudes of the Toy^^. Forty years ago the Swiss geologists 
shocked the world with the announcement that all the giant 
blocks of primary rock which travellers see lying stranded half- 
way up the Jura had been carried thither by a forward expansion 
of the glaciers of the Alps, invading, oversliding. and deeply 
burying the entire plains of Switzerland. Twenty years ago Mr. 
AgasBiz, having prcvioasly shown the Scotch and Welsh geolo- 
gists the traces of a similar universal glacier, which once descended 
from their highlands and covered all Great Britain, appeared 
upon this side of the Atlantic to establish among ns the grand 
mythology of universal ice. From Halifax to the Fond-du-lae, 
and from the Ottawa to the Ohio, he fonnd its vestiges. And 
now he covers with it the entire water-plains of the Amaions, 
the Orinoco, and the La Plata, from the shores of the Andes to 
the sea, six millions of square miles of the earth's surface, a part 
of it directly noder the equator and close upon the level of the 
sea. 

But we are concerned, not with the truth of these ideas, but 
only with their introdnction into America, and their partial adop- 
tion by Edward Hitchcock, towards the close of his life. I say 
their partial adoption, for in the discussions which ensued he 
exhibited his usual mixture of conservatism and love of new 
ideas. He was, as a roan, both timid and adventurous. Adven- 
turons and progressive where he thought he could see his way ; 
hesitating and submissive to authority when himself in the dark. 
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And this composition of adyerse habits, held in balance by cir- 
GumetaDces, not by will nor by genius, made him a representa- 
tive man — a geologist in whose writings one can read the halting 
progress of American Geology — its ignorance of its own past 
history, its premature intuitions, its ill-bred waywardness and 
levity, its abortive investigations, its double-minded instability, 
its feeble couservstistn, its energetic radicalism, the fertility of 
its fancy, and the haziness of its judgment, its patience to wait, 
and its power to work, for what it is as ready to abandon in a 
moment for something new. 

The subject of Surface Geology, involving, of course, the ques- 
tion of the Drift, early claimed his attention, for his Geology of 
the Connecticut was published in 1823, after it had appeared as 
an article in tho very lirst volume of Silliman's Journal, one year 
previous to Eaton's first report on the Geology of the Erie Canal, 
and Olmsted's first report of the Geological State Survey of North 
Carolina. At that lime the only recognized agency to which tlie 
drift phenomena could be ascribed, was that of moving waters. 
Deltas, terraces, drift bonlders, and polished rock-surfaces were 
all explained in a vague and poetical way by diluvial floods. The 
grandeur of the phenomena was not appreciated, but their nature 
was. When, ten years afterwards, the brothers Rogers got the 
first true glimpse of Appalachian erosion in its immensity of 
breadth and height, the aqueous theory swelled to commensnrate 
proportions, just as the ice theory has grown to suit the geo- 
graphical development of tho drift appearances. 

Had Dr. Hitchcock been more of a poet, and less of a Yankee, 
he would have adopted an hypothesis similar to that of the Bo- 
gerses, and been hampered by it all his life. But he soon de- 
tected traces of another agency, and although the absence of 
Alpine snmmits ft'om New England, and the distance at which 
the northern icebergs melted from its coasts, deprived him of 
opportunities for coming to a lively consciouEDess of his suspi- 
cions, tbey prepared him to accept the first instructions on the 
snbject which were sent to him from abroad. He always mMn- 
taiued that he gut his first clear views of the joint action of ice 
and water from the researches of Sir James Hall, although Mur- 
chison, in his anniversary address before the London Geological 
Society in 1842, accords the honor of inventing the glacio-aqneoua 
theory, as Hitchcock named it, to Peter Dobson, of Yernon, in 
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Connecticut, whose first public commanication on the subject 
appeared in the tenth volume of SillimaD's JourDid, in 1826, and 
whose letter to Dr. Hitchcock, in 183T, the latter never answered, 
bat kept for BIX jears among his papers, and only sent it for pnb- 
lication in the Journal In 1843, the year following that of Hnr- 
chison's public indoceemeut of Mr. Dobeon's views, as " a short, 
clear, and modest statement of the beet glacial theory — the es- 
sence of the modified glacial theory at which geologists (saye 
Hurcbison) have arrived after so mach debate." Mr. Dobson 
described certain red sandstone bonlders, too angular to have 
been rolled by floods, and scratched upon their inner sides, " as 
having been dragged over rocks and gravelly earth in one steady 
position;" adding, "I think we cannot account for these appear- 
ances unless we call in the aid of ice as well as water, supposing 
that they have been worn by being suspended, and carried in ice 
over rocka and earth nuder water." 

These views of Mr. Dobaon bod been twenty years on record, 
but neglected, when they were thus quoted and complimented by 
the highest authority in Great Britain. It was at one of those 
epochs of escitemcnt which occur periodically in the history of 
every science. Agossiz had appeared at Edinburgh ; and for 
him to come was to see and conquer. Neither Mnrchison Qor 
Lf ell at that time accepted his glacial hypothesis in its brood 
applications to the circurapolar earth and the entire drift. But 
from that day onward the younger geologists, with Ramsay at 
their head, worked at it con amore, and strengthened its claims 
to acceptation by annual fresh discoveries; bat they have finished 
by asHigniog to it such incredible omnipotence, and claiming for 
it such impossible activity, as its great master has never author- 
ized. So that its reputation has been serionsly compromised, 
and, as was inevitable, a reaction has set in. Our basiness here- 
after will rather be to shield the glacial theory f^om undue dis- 
paragement than to complain of its extravagancies. 

Dr. Hitchcock, with the enthusiasm of his nature, had at first 
expressed himself too favorably of this hypothesis. He retracted 
his expressions when called to accoout for them by Murchison. 
In an article which he sent to Silliman's Journal, July 6tfa, 1842, 
he insists that Mnrchison, in his Annual Address, ought not to 
have charged him with being an advocate of Agaesiz's ideas in 
an unmodified form; for, "although the MutUs tur lea Glaciera 
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had, indeed, thrown a fiood of light unexpected!}' iuto his path, 
yet he had always thought, auA still thought, that the moraines 
of America were produced by icebergs, and not by glaciers." 
" Whatever impression," he writes, " my language has conveyi'd, 
I now declare that I have never supposed it possible to apply 
the glacial theory of Agossiz to this country without modifica- 
tion. I stated [before the Association of Geologists at Boston, 
in April] my conviction that glocio-aqueous action has been the 
controlling power in producing tlie phenomena of drift, by whieli 
I mean the joint action of ice and water, without deciding which 
has exerted the greater influence." 

These wonia give us a clear knowledge of the attitude of bis 
mind in the presence of a discussion which filled the geological 
world with clamor at that time as it does to-day, and obliged 
every geologist to define his position. His slow and cautions 
disposition, disciplined by field work on the one band, and by 
college lecturing on the other, restrained his imagination from 
Adopting any large hypothesis, but confined him to a few familiar 
statements of mere fact. All be knew, or cared to know, or be- 
lieved that any one would ever know, was, that a sheet of loose 
sand, gravel, and boulder rocks, bearing certain marks of moving 
force upon them, covered certain portions of the surface of the 
earth, and that this sheet had been spread out not wholly throngh 
the agency of water. " Whether the vast currents of water which 
must have been concerned were the resnlt of the sudden melting 
of the thick belts of ice around the poles, as Agassiz supposes, 
or of the elevation of the regions aronnd the poles, whereby an 
ocean was thrown over the land, agreeably to the views of De la 
Beche, or by the elevation of different parts of the continents 
from the ocean, while the greater part of those continents was 
beneath the waters, according to Lyell and Murchison, I do not 
feel competent to decide. I rest at present in the position that 
ice and water were both concerned, and am in doubt whether 
geologists will ever be able to go much further and remain upon 
the terra firma of logical indnction. But to have reached this 
principle, in which I fancy nearly all geologists now agree, seems 
to me an immense advance on this subject, and for this progress 
in my own mind I feci greatly indebted to Agassiz." In another 
sentence he adds: "It will be seen that my mind was entirely 
unsettled as to the origin of tbe ice and water which have pro- 
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duced the drift, and that I was quite as favorably iDclined towards 
the peculiar views of Mr. MurchiGon as of any other geologist." 

These viewa, if they can be called bo, were repeated by Dr. 
Hitchcock at the Albany meeting, in 1843, during a lively dis* 
cuBsion OD the Drift which was introduced by Dr. C. T. Jaclfson, 
with these words: "Many eminent men incautiously embraced 
the new theory, which, within two or three years from its pro- 
lunlgatioD, baa been found utterly inadequate, and ia now aban* 
doned by many of its former supporters" — a raab at-atemeut, as 
we all now see clearly enough. Dr. Hitchcock aaw its rashness 
then. 

At the Washington meeting in 1844 he read a paper on the 
Berkshire trains, discovered by Dr. Keid. All that he knew of 
the Drift be had published the year before in his annual State 
Geological Report. This was a special and remarkable case. It 
baa never been elucidated. Dr. Hitchcock describes the phe- 
nomenon, but leaves it unexplained. His conclusions are all 
merely negative, and exhibit, in a striking manner, the cautious- 
ness and fidelity of bis scientific methods, let. The blocks of 
the trains must have boon scattered during the latter part of the 
drill period, and by the drift agent, whatever that was. 2d. It 
is impossible to explain the case by any merely aqueous theory 
of drift. 3d. It ia equally impossible to explain it by icebergs ; 
or, 4th, by river pack ice; or, 5th, by the medial moraine of a 
glacier ; or, 6th, by reference to the unexplained patches of an- 
gular fragments on tlie Falkland Islands, described by Darwin. 
" In short," he concludes, " I find so many difficulties on any sup- 
position which I can moke, that I prefer to leave the case un- 
explained until more analogous facta have been observed." 

At the meeting of the British Association at Edinbargh, in 
1850, he read a paper upon his favorite anbject, the terraces of 
the drift period, after be had made a visit to Wales, vhere he at 
once recognized the marks of the former existence of glaciers up 
to a certain height, above which he recognized the marks of mere 
drift agency, and to Switzerland, where he confirmed his faith in 
the views which Agassiz had taught respecting the former extent 
of the grand glaciers of the Alpa. But hia Massachuaetta ex- 
periences had BO propoaaessed him with notions of modified drift, 
that he thought he could aee how the moraine matter of the plain 
of Switzerland had been subsequently thrown into terraces. He 
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vas therefore prepared, on his return to Englaod, to accept 
Kamsay's coojecture that there were two glacial epochs — one 
before, aad the other after the drift. 

The foliowing year, 1851, he visited the White Mountains, and 
studied the effect of one of those tremendous stone-slides which 
hare played so important a part in the redaction to its preeent 
lerel of the central maexiff of New Hampshire, upon the face of 
the rock in eiia over which it passed. Seeiog no glacial mark- 
ings whatever, he concluded that any aqueous theory of dilavial 
scratches must be inEuffi<:ient. He had evidently come to feel 
the difference between the weight of a gtone-slide, whether in or 
oat of water, and the weight of a glacier or iceberg. 

Finally, in 1857, appeared his contribution to the quarto pub- 
lications of the Smithsonian Institution, called lllnstratioDS of 
Surface Geology, in which he snms up his knowledge of the Drift. 
In the first part he compares the terraces of the Connecticnt 
Valley with those of other regions. In the second part he dia- 
CUBsea the modes and consequences of river erosion ; and in the 
third part he gives the results of his previous five years' field 
work, devoted to the study of glacial stris and moraines in the 
valleys of Massachasetts and Termont. These moraines, he says, 
seem to him, like the Swiss moraiuea, to have been modified and 
obscnred subsequent to their creation by another agency, which 
he does not distinctly call that of the Drift, but, as he expresses 
it, " by the long-con tinned presence and the action of water, as 
the snrface emerged from the deep." Even at this late date, he 
had no distinct hypothesis to offer. He declared that be agreed 
more nearly with Mr. Redfield's views than any others. Ho 
thonght " that the phenomena of boulders and drift should be 
attributed to mixed causes, and that the theories which refer 
these phenomena to the several agencies of glaciers, icebergs, and 
packed ice, are, in trnth, more nearly coincident than is commonly 
imagined'' I He found it (as Desor expressed it) " difficult to con> 
ceive how glaciers could exist and move in a wide and level 
country like the north part of the United States." And he winds 
up with these fine words, worthy of the man and of pure science, 
unsatisfactory enough to the theorist, but full of instruction for 
the neophyte : "I am aware that I am in confiiut with the views 
of eminent geologists on several points; as I am, indeed, with 
my own opinions as held several years ago. And yet, for a long 
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time, I bare stood cfaieflj aloof from the Tarions hypotheses that 
have been broached rcspectiDg Sarface Ocotog/. Bat I could 
not refuse to follow where facta seemed to lead the way. It 
becomes me, however, to be rery modest in urging my conclnsioDS 
npoa others. If they canoot adopt my explicatioDs, I hope they 
will, at least, fiad my facts to be of some little seirice in reaching 
better conclusions." 

I must now eay a few words about a third subject of inrestiga- 
tion which may posBibly in future time conflnce more to his repu- 
tation as an original obserrer and bold thinker in geology than 
any other : I refer of course to his extraordinary statements 
respecting the distortion of quarts pebbles in conglomerate rocks. 
It is possible that I may be giving to the father credit for what 
is due to the son^ But the two worthy geologists of Amherst 
represent to the world as yet but one Hitchcock, so amicably 
have they married their hammers and clinometers together. 

It was at the last meeting held by the American Associatioa 
for the Advancement of Science before the breaking out of the 
accursed rebellion in the States of this Union devoted to slavery — 
the meeting of the summer of 1860, at Newport — that a paper 
was read upon thej;onglomerate pebbles of tbe clifTs upon the 
Hontheru shore of Rhode Island ; attempting to show that tfaey 
had been pressed out of their original globoid sbape, flattened, 
elongated, curved into sickle-blades, and otherwise distorted, like 
fossil shells in semi-metamorphic rocks. 

Tbe opinion was expressed that this process might be found to 
have been carried on in all rocks, to an extent only limited by 
their degree of metamorphism. Of course the few geologists 
present at the meeting were not prepared to recognize the fact 
of such distortion in the evidently water-worn slaty pebbles laid 
before them as specimens. Nor will any geologist, I believe, 
who may have had a large experience solely among the con- 
glomerate outcrops of No. IV., No. X., and No. XII. of the 
PalKOEoic system, consent to this hypothesis of qaartz distortion 
for an instant. I venture to assert that among millions of pebbles 
taken from the coal measure, or even from the middle Silurian 
moDutains, there cannot be discovered one bearing the marks of 
such distortion ; although many of them offer plainly enough the 
evideoces of wear and tear by fracture and the sliding of one 
stratum of the rock upon the other. 
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But if tbe geologiBt who has lired among unmetamorpliosed 
coDglomerates shall enlarge his cxperienco by passing over into 
Euch a region as Termont, where eveiy magnesian rock has 
become either steatite, serpentine, talc-Blate, or dolomite, where 
every ai^llaceoua claj' has been changed into pbolarite, or toof- 
ing-slate, and every sandstone into quartzite, lie may come to 
Uflton moro patiently to Hitchcock's theorem — tliat gneiss is 
nothing more nor less than metamorphosed old conglomerates, 
wherein tbe pebbles have been pressed into laminie composed of 
sections of the original matrix, themselves also pressed flat and 
thin. It is a bold assertion, It will demand abnodaut proof. 
The microscope will have something to say about it. Certainly 
it explains the foldod veins of quartz in mica-slate, as no other 
hypothesis has done. It is consistent with the now accepted view 
of metamorphi)>m by pressure, under the conditions of a moist, 
low heat. At all events, its ample discussion aod copious illus- 
tration by Dr. Hitchcock and his son, in tbe pages of hia report 
of the Geology of the State of Termont, will remain a part of the 
classics of our science. 

But the daring novelty of this excursion from the beaten track 
is heightened, when we see it as the short cut of an old man to 
regain the head of tbe procession. So far from leading iiim 
into isolation &om bis fellows, his path lay practically parallel 
with that of the best thinkera of the day. Most men of sixty- 
aeven would tremble to adopt a new hypothesis. How few even 
at forty-five are able to be tolerant of newer principles 1 But 
Hitchcock could follow wherever Bischoff, Seuarmont, Delesse, 
Danbree, Sorby, and Sterry Hunt could climb. He could give 
up the igneous origin of granite, the extrusion of molten masses 
from a planetary necleus of lava, the roetamorphism of rocks by 
a high heat. He was no chamber geologist, and so kept his soul 
fresh in the open air that no new discovery could take him by 
surprise. " The opinion is now gaining ground," he writes, " that 
in many cases, perhaps in nearly all, they are merely stratified 
rocks, which by heat, or the joint action of heat and water, have 
lost their stratification and assumed new crystalline forms. They 
are, in fact, an extreme product of raetamorphism." He no 
longer believed in those semi-tbeotogical central fires which no 
man has seen or can see ; in those figments of the imagination, a 
thin floating pellicle or wrinkling epidermis to tbe earth ; a nnl- 
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Tersal granite floor, beDeath tbe lowest sediments, azoic and 
abarigiaat ; a billony deep of lava, generating earthquake cata- 
clysms, and ejections of iDterminable bvancbing dikes of trap and 
poTphyrj and syenite — which make the wall charts of Hall and 
D'Orbigny look now so old-foshioned, and which, in fact, the 
study of the Laurentian regions of tbe north, as well as the cal- 
culations of physicists, have proved to be mere myths and fables 
of an oiden day. What is to replace them, we know not yet, 
nor how to do without them in our Structural Oeology. The 
situation of the geological world, Jast now, is not nnlike that uf 
the tiieologicai, with its Schenkels and its Colensos, its Eccc 
Homos and its Leben JesQS. Bat this is certain — the empire of 
tmth is of perpetual dirine right, and cannot be shaken, its motto 
being, Jialjustilia, ruat ccelum. What cannot be demonstrated, 
ia fictitions ; what has been disproTud, is not useful. Better get 
our first conglomerates from aerolites which we can collect and 
exhibit in oar cabinets than from an aboriginal granite floor 
which no eye has ever seen, no hammer stmck, no foot-rule 
meaanred. Better redraw all the antidinals and synclinals of 
our cross sections, than gabble about tbe plications of a crust 
which seems to be a demonstrated mathematicai absurdity. But 
the fine life-history of him whose eulogy we read to-night tells us 
a better way. Facts take time. It is not hard for honest folks 
to wait. All harvests are not for this generation of sowers and 
reapers. It would be well for all of us, could our enthusiasm, 
like his, be tempered with conservatism, and our conservatism 
be fired by an equal expectation of better things to come. 

Here, gentlemen of the Academy, I must most unwillingly 
stop. I cannot give you, as I should like to do, a description of 
the geological survey of Massachusetts which occupied Dr. 
Hitchcock from 1830, when he was appointed to it, to 1841, when 
he published his final report; and again fVom 1852 almost until 
his death ; nor of the geological survey of Termont, which he 
reorganized in 1856, nnd pnbliBlicd in 1861. I cannot even tell 
yon, in the few minutes that I feel are nil I have to spare, how 
greatly we owe to bis enlightened exertions that movement of 
the public mind which about forty years ago produced the early 
State snrveyB ; nor how mnch to bim should be ascribed the 
merit of originating, or rather pressing to concreteness, tbe 
abstract conception of tbe desirableness to science in America of 
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some closer personal aseociatioa of its votaries. To him, more 
tban perhaps to aaj otber man, is due the title of foander of tlie 
association of American geologists and naturalists wliich after- 
wards assumed the name of the American Association for the 
Advancement of Science, which will hold its next meetiog next 
week at BuEfalo, 

Neither can I describe Dr. Hitchcock as a teacher. His Ele- 
mentary Geology, first published in 1840, reached its thirty-first 
edition in 18G0, and was then rewritten to express the progress 
which the teacher himself bad made. Hia Geology of the Globe 
was published in 1653. 

Shall I allude to his scientific monuments at Amherst ? I need 
only say to such of you as have not yet beheld them, Go and see 
what one man can accomplish I All honor to his fellow-workmeu 
there I But what Amherst is, Hitchcock baa made it — so says 
all the world, and what all the world says must be true. Ho 
was the master-mind at that centre. Let Amherst erect a statue 
to him in front of his Moseum — a statne of pure, white Vermont 
marble, for he was an American Christian — a statue lifted high 
upon a cubical plinth of Qnincy granite, for he was a simple- 
hearted son of Massachusetts — a statue facing Holyoko, for the 
ol)li(|ue denudation of its summit, he discovered, and the marvel- 
lous bcHQties of its panorama were his heart's delight. America 
has reached the time when it needs the idolatry of hero-worship 
to counteract its excessive tendency to individaalization, and its 
intolerant democracy. And this man is one of America's heroes. 

He was, I have said, in some respects even in advance of his 
oge. His theology was gentle, tolerant, and liberal. He was 
one of the first to recognize the claims to the honest attention 
of good physical observers which those stronjte and apparently 
abnormal physical phenomena make which went at first by the 
name of raesmcrism, and which have been, since then, followed 
up and obscured by the fanatical and hurtful dishonesties and 
shameless and tasteless profanities of the modem round table. 
The evils attendant upon this strange psychological epidemic he 
was as quick to see as any man, and to recognize also its capacity 
for warping and marring the youthful science of this land ; but 
no amount of materialistic denunciation from the side of specific 
science could scare this fearless investigator from confessing his 
faith in what of fuct there was, so far as he conid discover it, nor 
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from ezercieiDg the fauctioo of troe Bcieoce — to wash his facts 
from tbe filth in which they were rolled — to set them upon tbeir 
appropriate ehelves in the order of their worth. 

He was b; nature not a materialiat and a scoffer, bat a spirit- 
ualist and a believer. He beliored in immediate creation hj the 
fiat of God. Ho believed in the Hebrew poem of the creation as 
a sobstantial history. But even here he showed himself a man 
of genuine scientific spirit He was obliged to interpret, snd of 
conrse to criticize tbe Scriptures of bis Charch. But it is inter- 
esting to see how we always in this life return to our first loves. 
It was in bis laier years timt be tooti up with zeal the defence 
of OeDesis. He was forty-two and forty-four years old when he 
published, in 1835 and I83T, bis pamphlet od the connection of 
Geology with Revelation, and his pamphlet on the historical and 
geological deluges. But it was not until 1851, when he was 
Gfty<eigbt years old, that he gave to the world the first edition 
of his book, " Religion of Qeology and its Connected Sciences," 
while bis book of " Breligions Truth Illustrated from Science" did 
not appear nntil six years later, when he was eixty-four years 
old. Of these and other worlcs to effect an impossible harmoni- 
zation of tbe developments of modem science with those of the 
ancient imagination others would speak to better purpose. 

By bia early personal devotion to field-work — by his long and 
ssccessfnl college instruction of successive clasaea of young men — 
by the purity and simplicity of bis personal nature, which roused 
no jealousy and escited no suspicion — by his cheerful, modest, 
bat enthnsiastic publication at oil times of every new fact which 
he observed, and every new idea which facts observed gave birth 
to— and by his ready concurrence in every useral scientific enter- 
prise, Edward Hitchcock shines a star of first magnitude in the 
heaven of Americao Science. 

Do yon expect me now to speak of his religion f I am not 
capable of the tnsk. I hold it trne that the Christian is a higher 
type of man than the Savant. His theology I reckon as of no 
account ; it is his Christianity '^at crowns his brows with light, 
and arms his hands with power. He may be a Unitarian, as 
Edward Hitchcock was in early life, or he may return, as Edward 
Hitchcock did in after years, to the Orthodox notions of his 
fathers : it makes less difference than people judge of it. Science 
will settle all those discussions In good time. But no amount of 
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Dataral science will stand a man instead of faith in g higher law 
and an invisible world. Ko zeal for science will compensate for 
ihe lack of temperance, charity, and truth towards onr brother 
man. It waa the hold he had upoa the Christian hearen that 
made this man, working among as like a brother, walk among m 
like a father, trasted and belored by all. I do not believe in his 
theology : it savors too much of the central nucleus of fire; it 
makes our earth^cruet too insecure ; it is too full of old wives' 
fables. But we mnst all believe in bis religion, and feel how 
grandly it ennobled bis science, and glorifies his happy memory. 
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Mb. PaEsniEMT and Gbntlehzn op thb Academy: — 

The jc&r which has just elapeed has been more eparing of onr 
number than its predecessors; yet death has taken one from the 
ranks of the Academj who could ill be spared, and on the 9th of 
Febmary last the tidings went forth from this capital to all parts 
of the land, that a great bereareraent had come upon the seience 
of America. A month before wc had met Gillies here in the 
vigor of bis manhood, the fulness of his enei^, and the manly 
dignity go characteristic of his bearing. 

"0, had It be«D but told jon tbsu 
To mark whose lamp was dim. 
From ont tUese ranks ot aotire mea 
Woald 70a have aiDftl«d htmr" 

His life has been in some respects its own sufficient record, for 
its impress has been given and will long remain ; yet in other 
respects the time is not yet come for the fnll portrayal of his 
many services to seience and to his country,— for these are still 
too recent for complete recital, and their enumeration and de- 
scription might tend to impair their best inSuencc. Loyalty to 
bis country, his government, bis science, his friends, — stem 
integrity, unflinching resolve, and earnest piety were the pre- 
dominant traits of bis moral nature. A keen sense of dnty, 
which never permitted to himself those indulgences which his 
charity readily conceded to others, was blended with exquisite 
sympathy and kindliness. In his remarkable character the two 
extremes met of aasterity and geniality; bat the sternness was 
for himself, the tenderness was for his fellow-men. 

James Melville Qilliss was bom in Georgetown, D. C, on 

the 6th of September, 1811, the oldest son of George and Maiy 

(Melville) Gilliss. His father was in the service of the United 

States government, and had been so since its transferrence to this 

137 
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city. The family was originally of Scottish origin, but had been 
ia this country for several generations.' At the age of fifteen 
years Gilliss entered the navy aa midBhipman, and made his first 
cruise in the "Delaware," under Captain Downee. Returning 
after an absence of three years, during which he served also in 
the " Concord" and the "Java," he passed his examinations with 
honor, and received in 1831 the grade of passed midshipman. 

Even at this early ago the aspirations which guided bis whole 
career began to manifest their influence. In a letter written loi^ 
years afterwards to his friend Dr. Gerling of Marburg, he says: — 

" Very shortly after I came to Washington for duty as a Passed 

■ For nxnt of mj f Dfonnalion regardiDg Captftln OlUiu's anceatr;, I am 
Indebtsd to Uu Rev. lauo W. E. Handy, D.D., or Onuge Co., Vft.,who 
hM Idndlj inppltod it to me from tbe US. of "The Annsle and UemorlaU 
of t]i« Hand^B and their Eindied," mkoi to be pnblished. The line et 
deBoeot was aa follows : — 

A. Thomas Gilliss, an early settler of the E«stern Shore of Uar^land 
and native of Bootland. 

fi. Capt. Thomas GtlUis, born at MontAin (now Prlneees Anne), 1668, 
July 12, married as his third wife Anna, widow of Capt. John Ilanilr, and 
dangbler of Thomas Daibtell. 
Children by 3d wife:— 
T. Joseph. 

B. Sarah <m. Major Thomas Irrtng). 
B. Nelly (m. Capt. George Handy). 
10. Anne (m. Jdm Irrlng). 

C. Joseph Gilliw, of Somerset Co., Maryland <7tb ehild of Thomat)^ 

1. Anne, daogbter of Col. Isaac Oandy. 

2. Betty living. 
Children:— 

1. Thomas Eandy, b. ITCS, d. 1E51. 

2. Bather (m. Dr. W. Cheni-y). 

3. Joeepb. 
A. George. 

6. Sarah (m. Polk). 

7. Kelly. 

8. Eliza. 

D. Seftt^e QilUu, of Geo^ptown, D. C. (4tli ohlld of Joseph), married 
Mary Melville, their third ebUd being, 

E. James MelviUe QilUss, bom September S, 1811. 

13B 
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MidBhipmbn, members of CongreeB were told io mj presence, 
' There is iiot an officer of the iia,yj cnpable to conduct a Bcieutifio 
enterprise.' The charge was intended prejudicially to the eervice 
to which I belouged, and was the more humiliating because the 
speakers were unknoffn, and defence was not possible. But from 
that hour no effort has been spared by which the standard of 
intelligence in the serrice might be iocreaBcd and its reputation 
enhanced. " 

How much the scientific reputation of the navy may have bem 
directly or indirectly advanced by the exertions of our lost col- 
league, I will not undertake to estimate ; but thirty years hare 
wrought a wondrona change, and the response which the logic 
of history would furnish to any disparaging remark to-day needs 
no added encomium of mine. 

So keenly was the young officer touched by the assertion, 
whetJier true or not, that on the instant he resolved to disprove 
it in his own person. Such is bis account, and from tbat moment 
he was wont to date his scientific irapnlsca; yet those who knew 
him best can hardly believe that to so slight an incident we owe 
the rousing of his strong powers, and the commencement of that 
useful scientific career by which he accomplished so much for our 
country, and which terniiuated only with his life. 

Desiring to perfect hie own culture, he applied for leave of 
absence to prosecute bis stndies, and in 1833 entered the Uni- 
versity of Virginia, resolved, so far as lay in his own power, to 
bring to his country's service the highest scientific culture at* 
tainabtc. His residence at the UniTereity, however, was of less 
than a year's duration. Excessive study impaired his health, 
and a severe inflammation of the eyes confined him for many 
weeks to a dark room. Upon his partial recovery he made » 
fourth cruise, ending in October, 1835, after which he resumed 
his studies in Paris, and pursued them there for about six months,, 
before returning to his professional duties. 

In the following year, Mr. GillisB was ordered from Philadel~ 
phia, where he had been on duty, to Washington, as assistant to 
Lieut (now Commodore) Hitchcock, who was then in charge of 
the Depot of Charts and Instruments. This institution had been 
established by the Navy Department six years previous; through 
the influence of Lieut, (now Admiral) Qoldsborongh, for the care 
and distributionofthe charts and instniments required by national 
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ressels. Araoog the duties of the officers was the rating of 
chronometers. The determination of time was at first made by 
sextant and circle observations; in 1831 a small traosit-iostrn- 
ment was mounted for this purpose ; and when ia 1833, Lient. 
(now Commodore) Wilfcca was assigned to its charge, he removed 
the office to the vicinity of his own residence, abont 1200 feet 
north of the Capitol, erected a small wooden observatory fourteen 
feet by thirteen, in which he monnted a 4-inch tran sit-in strum en t 
of larger dimensions, lent the office by the Coast Survey. This 
instrument was made by Troughton, and had a clear aperture 
of 3|, with a focal length of 63 inches. 

Ill a very short time after the arrival of OilHss in Washington, 
he was placed in full charge of this establishment, and here he 
made his first astronomical observations, these being at first 
solely for determining time, like all those of his predecessors. A 
year later, during the winter of 1837-38, he observed an exten- 
Bive series of transits of the moon and moon-culminating stars for 
the determination of longitudes in connection with a survey of 
Savannah River ; but these observations appear never to have 
been reduced. 

At this time he was married to Miss Rebecca Roberts, the 
daughter of John Roberts, Esq., of Alexandria. D. C, with 
whom he passed a life of nninterrapted domestic happiness. 

For more than twenty-seven years, his interests and cares and 
aims were hers, and he owed much to her euconragcmcnt and 
sympathy in his intellectual as well as his domestic life. 

In 1838 the U. S. Exploring Expedition sailed nuderthe com- 
mand of C apt. Wilkes. For the purpose of determining differences 
of longitude by means of mo on -culmination a, occultations, and 
eclipses, special instructions were drawn up by him for the ob- 
servation of these phenomena, and application was specially made 
by him to the department that Lieut. Qilliss " should not be pcr- 
. mitted " to leave the depot during the absence of the expedition. 
The late Mr, W. C. Bond, who had a transit instrament mounted 
at his boose in Dorchester, was also engaged for the same pur- 
pose, the instructions to bim and to Gilliss being duplicate. 
These instructions also contemplated extended magnetic and 
meteorological observations, and he availed himself of this oppor- 
tunity to procure a portable S^-inch achromatic, equatoriafly 
mounted, a variation-transit for use in measuring the magnetic 
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declinfttions, a balance magnetometer, a dip circle, ttro clocks, 
and a chronometer for sidereal time. The instructions from the 
Secretary of the Navy (Mr. J. K, Paulding) were dated 1838, 
Anguat 13, and Gilliss's observations began in the very next 
month. Here commences his astronomical career. Young as 
he was, he must be considered the first representative of practical 
Bstronoroy in America. Astronomical observations hod been 
made for acentury, it is true. Hen, bis seniors, now living, and 
others still not long deceased, had made them before him, and 
were able to aid him with counsel and even experience. Among 
these I may mention Hassler, the founder of the Coast Survey, 
Bache, onr own beloved and revered President, whose absence 
we are monrning, Prof. Bartlctt, our honored colleagne, Messrs. 
W. C. Bund, R. T. Pnine, Patterson, Olmsted, and Loomis. 
But it was Gillisa who first in all the land conducted a working 
observatory, he who lir:>t gave his whole time to practical astro- 
nomical work, he who first published a volume of observations, 
first prepared a catalogue of stars, and planned and carried into 
effect the conetnictioa of a working observatory as contrasted 
with one intended chiefly for purposes of instruction. 

"Prom that time" (September, 1838), says Gillies,' "till the 
return of the expedition in June, 1842, I observed every culmi- 
nation of tbe moon, and every occnltation visible at Washington, 
which occurred between two hours before sunset and two hours 
after sunrise. Tbe transit was extremely deficient in optical 
power, and would not define stars smaller than the second magni- 
tude when the sun was two hours above the horizon. The num- 
ber of transits recorded exceeds 10,000, embracing the moon, 
planets, and about 1100 stars. The average annual number of 
culminations of the moon observed was 110, and of lunar occulta- 
tions about 20." 

The difficulties under which he labored, and the seal with 
which he pursued his aim, may be inferred from the modest 
Preface to the volume containing his observations at this little 
observatory, which were not reduced and published nntil four 
years after their completion. It will be borne in mind that these 
observations of moon-culrainating stars constituted but a part of 
his duties during ail this period, — that the instruments and charts 

< Senate R«part No. 114, 2Sth CougrsBi, 2d Seailon, p. 6S. 
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of tlie office were to be cared for, the magnetical aod meteoro- 
logical observstioDB asBidaonsly prosecuted, and manj official 
details to be attended to. Moreover the snjoant of his astro- 
oomicsl work was uoderstated by him in his report as above 
cited, inasomcb aa hiB printed volume of observations gives the 
places of 1248 fixed stars. Of these stars 6823 traosita are 
published, as also 365 transita of the moon, 37 of planets and 84 
occu nations. 

As this volnme' is now rare, it may not be amiss for me to 
qnote the greater portion of the Preface. 

" With but little experience in the manipulation of fixed instm- 
ments; without a book' relating to the snbject in any manner, 
except ' Pearson's Introduction ' and ' Vincc's Astronomy,' or ati 
acquaintance in the astronomical world from whom suitable 
advice could be obtained, literal compliance with the directions 
of the Departmeut was the only course to be pnrsned at the com- 
mencement of the observations. Indeed, aa I had never seen 
a volume of the annals of European observatories, there could be 
no reason to suppose they did not embody every requisite to be 
complied with in recording observations ; and it was not until 
the latter part of 1840 I became aware that the exact state 
of astronomical science demanded more than a simple record of 
the transits, after the errors of the instrument had been reeti6ed. 
For information and counsel on this, as well as other important 
points, I moat respectfully tender my tlianks to Rev. Richard 
Sheepshauks, and to S. C. Walker, Esq., gentlemen whose de- 
votion to and labors in the canae of astronomy have established 
for them most enviable fame. 

"Limited to the Naatical Almanac and the catalognea con- 
tained in the volumes mentioned, for observable objects, my at- 
tention was early arrested by discrepancies between the clock 
errors resulting from standard stars and some of those comprised 
in the list of moon-culminations ; discrepancies amounting in 
several cases to more than two seconds in time, which, being con- 
firmed by the observations of consccative nights, were conse- 
qnently altogether l>eyond the limits of probable errors. Receiv- 

■ Astronomfeil ObMrvsttona mads at tli0 Naval Obsorvatorj, Wub- 
IngtoD, nnd«r thn ordsra of the Hnn. Sear«tarj oftbe Nnvj, dat^d Angnst 
13, 1R3B, by Lt. J. M. GlIMs*. 0. S. K. Printed by nrder of the Senota of ~ 
the V. B; Washington, 1846. 
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lug abont thia time, througU the kiadoess of Mr. William Simms, 
a copy of that vade mecum of astronomers, ' The Catalogue of 
the Boyal AetroDomical Society,' it occurred to me, tbat, whilet 
cairyiDg out the objects of the exploriug expedition, the mites 
which I coald add to the data for more correctly locating ' tbe 
landmarks of the universe' would not be entirely unworthy of 
collection ; and, with thia object in view, I determined hence- 
forward to increase the number of stars to be nightly observed, 
80 aa to embrace one in each three and a half to foar minutes be- 
tween the times of transit of the first and last moon-culminating 
star, — the interval fixed on being the time ordinarily occupied 
by the transit of one sur over all the wires, and setting the 
finder for its saccessor. This was all I could hope to accomplish 
with the means in my power, nnlees careful estimations of the 
apparent magnitudes of each star observed should enable me to 
det«ct, at the termination of tbe series, variatioas in their bright- 
ness, or to confirm the degree of lustre already assigned to them. 

" All the observations of the volume, excludiug a part of those 
on three dates (as stated in the foot-notes), were made by myself. 
Absence on two or three days was cansed by illness ; and it is 
proper to state, tbat, with the above exceptions, there was not a 
visible cnlminatioaof the moon which occurred when the snn waK 
less than an hour above the horizon, during the entire period em- 
braced by the observations, or an occnltation after the 15th Jane, 
1839, except one, which I did not personally obferve, althongh 
my residence, till the middle of May, 1839, was two miles distant 
from the observatory. Earlier in the afternoon or later in the 
morning than jnst specified, tbe transit-instrument would not 
show stars of the 3-3 magnitude. 

" Occupation during the day in attention to the duties origi- 
nally allotted to the office, and the want of sufficient assistance, 
prevented any attempt at rednctiiMi of the constantly accumu- 
lating mat«rial8 prior to the snmmer of 1S43. 

" It remains bat for me to express ray gratitude that the prose- 
cution of these observations should have resnlted in the founda- 
tioD of a permanent naval observatory, and have obtained for me, 
thoagfa for a brief period, the privilege of association with many 
of the moat distinguished astronomers of the present centnry." 
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In deBcribiog the results attained, the mention of a seriona ob- 
stacle onght not to tie orallted, — the very ioadeqnate coDStractioD 
of the little building in which the observationa were made. The 
observing silts of the roof of the t«D-foot strncture which served 
as his obser?ator7 extended onij to within three feet of the ridge- 
pole on each side, thus precluding all observations between 26° 
and 53° north declination, a region which actually includes a 
portion of the moon's path. This was partially remedied by ex- 
tending the aperture for abont 5^° on the southern side, which 
was found to be the utmost that the strength of the ediSce per- 
mitted, and it was found necesBary to compensate even this gain 
by introducing transTerae bars of iron, and nearly one-aeTenth 
part, 1 2 oat of 88, of the standard stars of the Nantical Almanac 
still remained hidden from view. 

The magnetic and meteorological observations carried on at 
the same time by Capt. Oillisa were probably as laborious, and 
were certainly as conacientiouBly prosecuted an the astronomical 
ones. They were subsequently reduced and published, the last 
volume appearing in the same year with that contaiuing the as- 
tronomical results. 

I have said that Gilliss'B volnnne of observations was the first 
one published on our aide of the Atlantic, and have shown how, 
in spite of many and serions obstacles, his conscientious assiduity 
and unwavering zeal accomplished not only all that his inatruc- 
tiona required, but much more than this. It remains to speak 
in this connection of the character of the obaervationa and their 
results, 

I need not remind yon, gentlemen, how many an accomplished 
practical astronomer lacka that delicacy of the senses, and those 
other physical powers, by which alone the moat refined obaerva- 
tions may be attained. Even the best observera have not always 
the bigheat qualification in these respects ; for a quick ear, a 
sharp vision, and a delicate touch are by no means all that con- 
stitute the highest akill in an observer. The reBned methods of 
observing, the adroit precautions agunst incidental errors not 
dependent upon the senses, the ingenions devices for detecting, 
measuring, and allowing for errors unavoidably incurred, as dis- 
tinguished from the simple endeavor to avoid them — an endeavor 
of which tlie succeas must necessarily be more restricted by the 
limits of onr senses, however acnte, than the attempt at measur- 
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ing aod eliminating these errors is foond to be— these are noqaes- 
tionabljr the highest characteristlca of the practical astronomer ; 
and experience haa shown that these will more than compensate 
far the dimmed eye, the unsteady hand, and the impaired suscep- 
Ubilities of advancing years. The whole spirit of modem prac- 
tical astroDomf tends in this direction. Never otherwise could 
that great dictam of the immortal Strnve have passed into an as- 
tronomical theorem: " Whatever may be seen may be measured.". 
It is by this principle tliat the modem forms and appliances of 
the choicest astronomical instrnments are regulated, and the 
modem methods of observation prescribed. No longer are 
azimuthal errors supposed to be eliminated by adjustment opon 
a meridian mark, or collimation-errora removed by analogons 
processes, or clock-rates assumed as constant throngh protracted 
intervals of time, nor the graduations of any instruments im- 
plicitly relied on for delicate determinations, nor positions based 
upon the most massive structures assumed to remain constant. 
The chiefeffortof the skilful observer of to-dajr is directed rather 
to the eliraination and measurement than to the avoidance of 
error ; for human sense is but fallible, while human intellect and 
art are at least a reflex, if not a spark, from the divine altar. 

Yet despite all this, it would be folly to attempt to portray 
the indescribable advantage to an observer which is afforded b; 
delicacy of the senses. Training will do much, but the culture 
of delicate perceptions must accomplish more than the training 
of average ones. And it was Qilliss's peculiar privilege to be 
endowed with a wondrous acuteness of the perceptive powers of 
eye and ear, as manifested in bis astronomical observations. No 
one at all conversant with observations can examine the printed 
record, however casually, without a vivid perception of this 
marked peculiarity. Before it was mjr privilege to know bim 
and to appreciate bis manly truthfulness and scrupulous honor, I 
once heard another astrouomer impugn his observations in this 
respect. I asked whether the recently published volume of ob- 
servations were good and creditable to astronomy in America. 
" Tes," was the reply, " thoy are very good, too good for Qilliss's 
reputation. No man could have made snch good ones." In fact 
it is rarely that the record of a transit over the midd!e thread of 
bis reticule does not accord, to the nearest tenth, with the mean 
of observations over the five threads. 
10 J« 
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It is trae that few men could b&ve made Each obBcrratkiiiB ; 
bnt happil; there are tests, nususpected then, so aosrchin^ that 
caril is impoEsible. Not only do the original records exist, in 
each a form as to preclnde any idea t^at they could have been 
tampered with — not only have sabsequent observatioDa confirmed 
those of Qillisa and made manifest their high precision— not only 
was our colleague spared to enrich the annals of astronomy with 
yet more results of just each quutity, in the other hemisphere, 
but a touchstone exists, potent as Ithuriel's spear. I refer to 
the so-called personal scale, by which the connting and assort- 
ment of the last figures, in a rery large number of obserrations, 
enables the inquirer to determine the degree of precision of these 
last figures by the law of probabilities. This searcbing test was 
applied to this Tolume of obserrations by Prof. Fieroe, and with 
results signally confirming the &ith of Gilliss's wannest admirers. 
In the long list of observers, living and dead, whose results were 
thus critically and searchiugly tested, Oilliss held the second 
place (and scarcely second indeed) for the close precision with 
which his tenths of seconds have been noted — a degree of ac- 
curacy only attainable by extreme concentration of energy, and 
assiduous training superposed upon physical perceptions much 
more delicate than those of most men. Indeed a moderate 
amount of scrutiny will detect the growth and development of 
his powers in this respect from year to year. 

Walker tested the same work in a different and more laborioos 
way. He reduced more than a thousand observations over the 
lateral threads in order to compare their results with tbosegiven 
by the central one, and with similar results. At a meeting of 
Iho American Association for the Advancement of Science, he 
publicly stated, that, afler an extensive series of anali^os 
examinations, made for tlie purpose of deciding the relative weight 
to be assigned to the results of diflferent observers, he had found 
transit -observations of only one astronomer, Argelander, which 
manirested equal precision with those of Gillias. 

Soch were the observations made by Gilliss in the years 1888-42, 
beginning at the age of twenty-seven, without previons training 
other than he bad given himself, without astronomicid acquaint- 
ances, and, what was more than all, witiiont scientific sympathy 
until the observations bad been prosecuted for more than two 
years. 
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The printed Tolanw contains nearly 70O octavo pages, com* 
prising tha detailed obeerrations of each year, with the details 
of their reduction, the work of each year being apecially refeired 
to the mean equinox of its commencement; and at the cloRe, a 
General Catalogue of the mean right-ascensions of 1248 stars, 
formed from these annual tables — together with their precesaione, 
proper motions, and polar distances, derived from tlie British 
Association Catalogue, and added for convenience in making one 
of bis own results. 

We eome now to one of tbe noblest achievements of Gilliss's 
life — tbe constmction and equipment of tbe Naval Observatory. 
To understand the exact bearing and amount of his senrices in 
this connection, it will be well to revert to previous efforts in tbe 
same direction, and I will take the liberty of making use, without 
apology, of a summary of this history, which I prepared a few 
years since for another purpose. 

The claims which science — and especially those departments 
of scientific inquiry which cannot be prosecuted without the aid 
of implements inaccessible to most^ private men — may legitimately 
make upon a civilized community, if not, indeed, npoa its govern- 
ment, are too patent to most thoughtfai men, for the want of any 
proper observatory in the TJuited States thirty years ago not to 
have been n source of regret, and on occasion for effort to those 
interested in the intellectual developniont of our nation. When 
we consider that not only hod England and France led the way, 
and, for centnries, practically acknowledged tbe title of the eldest 
of sciences to national encouragement and support, but that 
scarcely a principality or petty dnoby existed on all the continent 
of Europe so insignificant, or so poor, that it did not support an 
Bstrononiical observatory, we cannot but feel astoniebment at the 
nnwillingness manifested by the then dominant school of legis- 
lators to promote astjronomical research by providing some means 
at tbe national expense. It was, to be sure, not as a system of 
wise economy and large policy like that to which this Academy 
probably owes its origin, and on which its claims to national 
support might be entitled to ackaowledgment— nor even to that 
still larger and more comprehensive statesmanslup, whic^ recog- 
nizes in tbe promotion of Bciootific research a sure and eEGcient 
mode of developing the national resources, both intellectual and 
material — that the foundation and support of an observatory at 
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goveroment expense vas arged. But it was iDsistud on by its 
adrocates on the ground that the importance of astroDomJcal 
obserratioDS to the world at large, eBpecially their manifest bear- 
ing npon commerce, rendered it the bonnden duty of the United 
States, as a mercantile nation, to contribute their part toward 
those obserrationa and computations for which all other civilized 
countries strore to do their ehare, and that a decent national 
pride should render ns unwilling to rely exclusively upon Europe 
for data indispensable to navigators, even did it not lead us to 
desire that oar republic shoald emulate her monarchies in the 
advancement of the highest civilization. Curiously enough, the 
Bo-called conatitutional arguments brought forward in opposition 
to such plans did not possess sufficient force to prevent the equip- 
ment of that expedition for general geographical exploration to 
which, through a singular change of circumstances, the establish- 
ment of a government observatory was ultimately due. The 
essential importance of a central observatory for the exploration 
and survey of our own territory, for the determination of the geo- 
graphical position of our own ports and inland towns, was also 
made prominent; yet it seems almost incredible that only thirty 
years ago, not merely did sach ai^uments as these fail of all 
effect, but even those men who entertained larger and more 
elevated views seem not to have thought it worth their while to 
develop them. But such was the case, and the few instances in 
which any exertions were made in^^this direction afford us admirable 
examples of seed sown npon stony ground — not to allnde to 
another scriptural comparison perhaps yet more appropriate. 

The first of these efforts will probably be fonnd in the first 
message sent to Congress by John Q. Adams, after his inaugu- 
ration as President of the United States, in March, 1835. In 
this message " he earnestly recommended the establishment of a 
National Observatory, as, also, of a Uniform Standard of Weights 
and Measures, of a Naval Academy, a Xantical Almanac, and a 
National University. Bat all these recommendations were treated 
with neglect by Congress; although time has written a suCGcient 
commeDtary on their wisdom and foresight Au excellent report 
on the subject, advocating the views of the President, was made 
by Mr. C. F. Mercer, chairman of the Committee of the House, 
to whom, in the ordinary roatine, the subject was referred ; bnt 
the recommendations of the President, and of the Committee, 
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were aafTered to lie unnoticed on the tables orbotli Hoaaea; and 
it waa reserved for tbe Emperor Nicholas of BuBsia to follow 
tbose coaaaels which party rancor precluded the Congresa of tbe 
United Stat«8 f^om adopting on the recommendation of their 
Preaident, and by the eatabliabment of tbe noblest ObBerratoiy 
of tbe world to render the capital of bis empire a capital of astro- 
nomical science." 

The firet structure in the United Statea which might claim the 
name of a fixed ABtronomical Observatory waa the ill-coDBtr noted 
little edifice of wliicli I have already spoken, 14 feet long, 13 feet 
broad, and 10 feet high, in which Qilliss indnatrionsty labored for 
nearly four yeara, making tbe excellent obserrations of right- 
ascensioD already described, and forDisbing the first volume of 
astronomical obaerrattons published in this hemiapbere, and pro* 
bablf a more precise record of transits than has ever been made 
in America by any other peraon. 

In IUBS, the year in which Lieutenant Gillisa commenced his 
observations, a small astronomical structure bad been bailt at tbe 
Western Reserve College, in Undaon, Ohio, through tbe exertions 
of Professor Elias Loontis, and equipped with a 4-inch equatorial 
telescope and a 3-inch transitrcircle, both of English manufacture. 
With these Professor Loomia made a number of aatronomical 
observations ; but the dnties of bis office, as teacher, left bim little 
opportunity for contiuned research. 

It was in this same year, 1838, that tbe money bequeathed by 
SmitbsoQ to found that noble institution, which will render hia 
name immortal, was received by our minister in London. Mr. 
Adama, then a member of the House of Representatives, again 
exerted his most strennoua efforts to secore tbe establishment of 
an astronomical observatory as a part of the inatitntion. He 
immediately waited on President Tan Buren, and, in a long in- 
terview, nrged his views of the subject. A few months later, at 
the call of the Secretary of State, be reduced his views to writ- 
ing, advocating the application of part of the fund to the estab- 
lishment of ft great observatory, and of a Kautical Almanac 
Mr. Van Buren expressed bis concurrence with the views, but 
never acted in the premises. 

Indeed, so bitter was the rancor of political partisanship at 
this time, and so intense tbe hatred entertained by the then donii- 
nant section of the country against Mr. Adams, that, to use the 
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laoj^iuige of biB biograpbcr, oppoeitioa to tfae desigo became 
Identified with party spirit, and to defeat it no language of con- 
tempt or of ridicnle was omitted by tbe partisans of Oeneral 
Jackson. In every appropriation which it waa apprehended 
might be conTerted to its accomplishment, the restriction " and 
to no other" was carefnHy iuserted. In the second section of an 
act passed on the 10th July, 1832, providing for tbe sarrey of 
tbe coasts of the United States, tbe following limitation waa in- 
serted by the Naval Committee : " Provided, that nothing in this 
act, or in the act hereby re-oived, shall be construed to authorize 
the construction or maintenance of a permanent Astronomical 
Observatory." Yet, at the time of pnesing this act, it was well 
BDderstood that a part of the appropriation it contained mnst 
necessarily be applied to astronomical observations. And, in- 
deed, 1 may anticipate tbe order of this narrative by adding here 
that when, at last, Congress did appropriate tbe money for an 
Astronomical Observatory, and sabseqnentty for its support, it 
was under a fictitious name, the authors of tbe laws intending an 
Astronomical Observatory, and being well aware that the funds 
would be so applied, bat causing the insertion of tbe proviso in 
the one oase, and of the feigned name in the other, for the pur- 
pose of preventing tbe institution from being attribated to tbe 
influence of Mr. Adams.' 

In 1840, precisely fifteen ^ears after that first message to 
Congress, in which he bad advocated the establishment of a Na- 
tional Observatory by government, Mr. Adams, being Chairman 
of the Committee on the Smithsonian Fund, made a second re- 
port, in which, after recounting all tbe principal facts connected 
with the beqneet and its acceptance, he agun advocated the 
views which he had so often urged. But while the question was 
pending, a resolation was passed by tfae Senate appointing a 
Joint Committee on tbe subject of the Smithsonian bequest. 
The House, in courtesy, concurred, and appointed on its own 
part the members of the Select Committee, of which Mr. Adams 
was Chairman, to be members of the Joint Committee. It may 
readily be imagined that the two portions of tbe Committee were 
unable to agree ; and it was finally decided that each of tfae two 
component parts should present its own report ; and, while Mr. 

■ Qd)im7. Hvinolr ti tha Ut» of J. Q. Aaaou. 
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Adama reported' a eeries of resolutioos prescribing the infest- 
meut and managemeDt of tbe fand, aad directing that the first 
approprifttioD of iuterest-mone; shoald be "applied for tbe erec- 
tiou of an Astronomical Observatory, and for tbe varions objects 
incident to inch an establishment," Mr. Preston, of South Caro- 
lina, the Chairman of tbe Senate Committee, presented counter- 
resolutions, GontaintDg the proTision that no pan of the fnnds 
should be applied to the erection of an Astronomical Observa- 
tory-. Tbia report of Mr. Adams is well worthy the perusal of 
ever; lover of the exalted science of astronomy, both for the 
richness of its information and tbe beauty of its eloquence. In 
1840 and 1841, two olwervstories were established — the first at 
Philadelphia, by the High School of that city, and the second at 
West Point, by the United States Military Academy, Tbe for- 
mer was placed under the direction of the late Sears C. Walker, 
the other pioneer of practical astronomy in tbe United States, 
and of Professor E. 0. Eendall ; the latter nnder that of Profes- 
sor Bartlett. To these astronomers we owe the first lutrodnction 
into the eonntry of those German instruments which tbe com- 
bined genius of Bessel, Struve, and At^elander, that wondrons 
triad, together with Fraonbofer, and his gifted co-laborers in tbe 
highest fields of optical and mechanical art, had devised and per- 
fected. To these observatories at West Point and Philadelphia, 
or rather to the ability and assiduity of their directors, working 
in the hours of relaxation from professional duties, we owe the 
first important series of astrononiical observations made in the 
United States, It is to the stimnlas given by their observations— 
especially the admirable ones of Mr. Walker, rendered peculiar!; 
valnable by his computations, for which they supplied the mate- 
rial ; and to their pablications, particularly the able report on 
European Observatories, presented by Professor Barllett to tbe 
Engineer Department on returning from a journey to Europe for 
tbe purpose of ordering instruments — that we are doubtless in- 
debted for much of that pnblic sentiment which, combined with 
other inAoeDces, at last brought aliont the establishment of the 
Naval Observatory. 

In 1841, after three yean of aealoui observatjons, Qilliaa 
obtained authority to import a meridian -circle. This could not 

I T«ent;-alxUi Coognte, lat Batdon, B«p. No. 277. 
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be erected in the little hut wberc lie was tbcn obBerring, and be 
availed himself of the opportunity to urge both upon the Navy 
Department and apon members of Congress the establishment 
of a permanent Observatory for the Navy, to be attached to the 
Depot of Charts and Instruments. Let me qnote his own words 
from his official report after the Baccessfal accomplishment of this 
design. 

"As the observations progressed, the unsnitableness of the 
building, the defects of the transit-iostrument, the want of space 
to erect s permanent circle, and the absolute necessity of rebuild- 
ing the observatory in use, became each day more urgent, and, 
at my earnest solicitation, the Commissioners of the Navy recom- 
mended an appropriation for a permanent establishment in 
December, 1841. Even this, however, was not accomplished 
without difflcalty. But the efforts of the honorable Secretary to 
advance science, and more especially those branches of it in which 
the Navy is interested, are well known to the country; and im- 
mediately appreciating its importance, he brought this subject 
before Congress in his report to the President of December, 1841. 

"Much delay occurred with the Naval Committees in Congress. 
The Hon. Francis Mallory, to whom it was referred by the House 
Committee, espoused the cause warmly, but the majority kept 
aloof from the depot (although so near) until the entire winter 
passed away. Finally, on the 15tli March, 1842, 1 sncceeded in 
persnsding the only member of the committee who was skeptical 
to visit the observatory, and on that very day a unanimous report 
and bill were presented to the House of Representatives. Be- 
lieving the chances of success would be greater if a bill could be 
passed by the Senate, by the advice of Mr. Mallory, I waited on 
the Naval Committee of the Senate, but my entreaties for a per- 
sonal inspection of our wants were put off from time to time. The 
qnestion was probably decided by an astronomical event 

"At a meeting of the National Institute, at which the Hon. 
William C. Preston was present, I gave notice of having found 
Encke's comet with the 3^ feet achromatic, the comet being then 
near its perihelion. A few days subsequently, I made what was 
intended to be a last visit to the chairmaa of the Senate Com- 
mittee, and found Mr. Preston with him. As soon as I began 
the conversation abont the little observatory, Mr. Preston inquired 
whether I had not given the notice of the comet at the Institute, 
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aod immediately volanteered, 'I will do all I can to help you.' 
WithiD a week, a bill was passed by the Senate. 

"It is hardly DeeeHsary to trace its progrese in the Hoaae. A 
majority was kouwa to be faTorable, bat its number on tlie 
calendar, and the opposition of one or two members, were likely 
to prevent action upon it; and tJhat it did receive the sanction of 
the House of Representatives at tbe last hour of the sesaion of 
1841-42, the Navy is indebted to the untiring exertions of Dr. 
Mallory." 

Meanwhile Mr. Adams, on the 15tb April, 1842, had presented 
yet a third report from tbe committee on the Smithsonian fond 
in the form of a bill, providing for its administration on tbe same 
principles which he had advocated in former years, and directed 
that the income already accrued should be invested as a capital, 
and its interest applied to tbe construction and maintenance of 
an Astronomical Observatory, The bill failed ; for, as Mr. 
Adams's biographer remarks, "there was no purpose on which 
the predorainatiug party were more fixed than to prevent the 
gratification of Mr. Adams in this well-known cherished wish of 
his heart." Yet an Observatory, under a feigned name, and 
restricted to the Navy Department instead of being made a 
national institution, was established by act of that very Congress 
at that very session, without a division, or indeed any opposition 
in either House; and four years later the Smithsouiau Institation 
was organized essentially on the basis so often urged by him, 
althoQgh omitting the Observatory element, which was then no 
longer desirable, inasmuch as the end had been obtained by other 
means.' 

The bill introduced by the Naval Committee of the House of 
Representatives was read twice and disposed of by reference to 
the Committee of the Whole on the State of the Union. But on 
the 23d of Jane, a bill identical in iu langnage with the one thus 
laid to rest was introduced in the Senate, sa related by Lieutenant 
Gilliss in the extract which I have presented from his report. 
This passed through the several stages of legislation in due order, 
without hindrance or objection; went to the House on the 30th 
July; was referred to the same committee as before ; but as a 

> OIlllw'B Report, p. 65. 
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Senate bill was treated with courtesy. It waa reported back 
witboat discuBsiou, passedby the House witboat debate, and on 
the 31st August, 1813, became a law. 

Thus was established the present Naval Observatory, owing, 
like all progresaiTe steps in our country, at least, to the combiua- 
tioD of many influences, and the gradual education of the com- 
munity by a few leading intellects — yet how lai^ a share in the 
work was due to Qilliss, this history will show. His uaerul 
observations, together with his excellent administration of the 
affairs of the Depot of Charts and iDStruments, had won the con- 
fidence of his official superiors, and impressed all whom he eonid 
indace to see what he waa doing. To bis immediate inflnence 
must be attributed the official TecommendationB of the Naval 
Commission in December, 1841; thatof the Secretary of the Navy 
in tiie same month ; tbe unanimous presentation of a bill in its 
favor by tbe Naval Committee of the House, afler much reluc- 
tance, and in spite of strong political prejudice against this very 
measure nnder another name; the winning to bis views of the 
identical Senator who had presented resolutions concerning tbe 
Smithsonian fund, "providing that bo part of the funds should 
be applied to tbe erection of an Astronomical Observatory," and 
that persistent advocacy which culminated in the final passage 
of the hilt on the last day of Aoguet, 1843, without discassion 
and without a division. 

Nine days later the Secretary of the Navy, "taking the Report 
of the Naval Committee, which accompanied the [House] bill, 
as the exponent of the will of Congress," assigned to Lieutenant 
Qilliss the daty of preparing tbe plans for a building and arrang- 
ing for tbe instruments. How well ho did his work I need not 
tell yon. 

After coDsnlting those Americans most conversant with astro- 
nomical subjects, he visited Europe to obtain the counsel of 
foreign astronomers, and to make himself acquainted by personal 
inspection with the latest improvements in tbe construction of 
astronomical and magnetic implements. In March, 1843, be 
returned home, having ordered tbe instrnments under authority 
from the Secretary of tbe Navy, and began the erection of the 
Observatory. The building was completed, the instruments 
mounted and essentially adjnsted, and a library procured within 
eighteen months. 
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On the 7tb Febrnary, 1845, Oilliaa presented a detailed fioal 
report of his labors, which is published as Senate Document Ho. 
114, S8th Congress, 2d Session. It coDtaios fall descriptioDs, 
with miaut« drawings, of the instramentB, and suggestions as to 
the ends to which they might be most usefolly devoted, and it ia 
s cariona fact that theee instmmeute are essentially the samo 
that, after the lapse of 21 years, are still ia active aud successfol 
employment. The only important change is the disuse and 
removal (by himself) of the Ertel Circle — obtained by him while 
BtitI at the little box on Capitol Hill, aud snbseqnently mounted 
at the new Observatory — ^in order to make room for the maguili- 
cent meridian-circle also ordered by him, but which it was never 
his privilege to took upon. This noble instrument, purchased 
by the Navy Department under anthority of the present Superin- 
tendent, then Chief of the appropriate Bureau, is now in working 
condition, and offers rich promise of contributions alike useful 
and honorable to science. 

The great work was thus accomplished. The first working 
American Observatory had been built — stimulating to quick 
emulation in the Observatory at Cambridge, and so on in the 
numerooa other similar institutions which now ornament our 
land. Who should direct its activity? Lieutenant Qilliss bad 
brought aboBt its existence, had planned it, selected and ordered 
the iBstremeuts, Baperiutended the coDstruction of the building, 
mounted and ai^usted the instruments, and at the close of Sep- 
tember, 1844, reported the work done and the Observatory ready 
for occupation. No breath of scandal had ever sullied hia fame. 
He wa» the sole working astronomer in the nation. His work 
had met the commendation of astronomers everywhere, so far as 
they had had opportunity to become acquainted with it. 

It was not GillisB who was assigned to its superintendence. 
But, on the Ist October, orders to assume the charge of this noble 
institution were issDed by Hon. John T. Mason, then Secretary 
of the Navy, to Lieutenant Matthew F. Manry, a young officer 
without scientific education or experience, and with small scien- 
tific pretensions. A corps of three lieutenants, six midshipmen, 
and a machinist was assigned him, and within the year four more 
lieutenants and three naval professors were added to this corps, 
in addition to the all-important, but unhappily very temporaiy 
services of the gifted and enthusiastic Walker. Surely with snch 
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&n orgaoization we might have looked Tor more than ve received ; 
especiallj when we remeiflber that Walker, Habbard, Coffin, Fer- 
guson, Keith, Yarnall were among its members. Honor to their 
name a for what they did accomplish. 

The indueQcee which prompted this appointment and the in- 
tensely mortifying treatment of Oilliss seem to have been no very 
recoodite ones, and can be readily imagined by any of you — for 
it needs but a five years' memory to recall those ancient dayej 
yet never in the course of fifteen years of friendship, an unre- 
stricted intercourse, and a close intimacy, did I hear one word 
of even pardonable bitterness, either concerning this severe dig- 
appointraent, or the neglect of astronomy by the officers to whom 
the Observatory had been assigned. "It was hard," he would 
say, "but an officer must obey orders and not find fault with 
them." On the other subject he ever preserved a dignified reti- 
cence, and it is my firm belief that in his freest utterances he 
never spoke one word expressive of the sentiments which we may 
naturally suppose him to have entertained. 

From February, 1845, to Jnly, 1846, Qilliss was occnpied with 
the preparation of his observations for the press, as has been 
already mentioned, and at the close of this work he was assigned 
to dnty upon the Coast Survey nnder Professor Bache. While 
on this eervice be reduced for the use of the Survey the entire 
series of moon-culminations previously observed and published 
by him. Fifteen manuscript folio volumes in the archives of the 
Survey contain this valuable work, the subsequent discussion of 
which by Walker, and still later by Feirce, led to the investiga- 
tions by these geometers into the relative accuracy of Gilliss's 
observations, concerning which I have already spoken. 

In May, 1847, Dr. Gerling, the eminent mathematician of Mar- 
burg, published a memoir, calling the attention of astronomers 
to the fact that the universally adopted value of the solar parallax 
depended solely upon observations of the transits of Venus in 
1761 and 1769; and that, although the materials afforded by the 
obBervatione then made bad doubtless been exhausted by the 
labor and skill with which Eucke had deduced the value since 
adopted by aBtronomers, yet a constant so important as this, 
which affords directly or indirectly the sole unit for the determi- 
nation of all celestial distances, should not be subject to the 
possible uncertainties of any one method. Especially was it 
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anfortonate that tbe only method employed depended npoD a 
phenomenon which recurred, doubly to be aure, yet only at inter- 
Tala of more th&n a centarf ; and which would not again take 
place until after the lapse of more than a quarter of that period. 

Tbe combination of observations of Mara at opposition, made 
from terrestrial stations widely differing in latitude, bad been 
frequently suggested ; bat Dr. Gerling advocated especially tbe 
similar employment of obserratioua of Venus at inferior conjunc- 
tion, and especially when at, or near, the stationary potnte, and 
of oppoaitioQB of Mars. His conviction in favor of this method 
rested principally on tbe consideration that, whereas, in transits 
of Yenus, the quantity to be determined ia the difference between 
the parallax of tbe planet and that of tbe sun — tbe other methods 
yield the planet's parallax at once— the element directly deduci- 
hie bearing to tbe solar parallax the following ratios : — 
At transits of Venus . . 2.57 
At oppositions of Mars . . 1.92 on the average. 
" '-' " " . . 2.74 in extremely favorable cases. 

Inf conjunctions of Venus . 3.57 
Stationary positions of Venus 2. 94 

Thns the observations of Venus promised to yield a better 
determination of the aolar parallax tbau any oppositions of Motb; 
and those at the stationary or turning points of her apparent 
path, a result surpassing in accuracy that from tbe average of 
these oppositions by about ^ of its whole amount. The natural 
objection that the conjunctions of Venus must be observed by 
day, tbna dispensing with tbe advantage of micrometer comparl- 
aons, and requiring meridian observations at midday, was recog* 
ntzed by Dr. Gerling, bnt the excellence and power of the newer 
meridian instruments were cited as compensating for this serious 
disadvantage. The observations during the stationary period 
were, however, chiefly urged. 

Before the publication of this memoir, in which the subject was 
discussed at very considerable length, Dr. Qerling had, in April 
of the same year (1847), written to Oillisa, in acknowledgment 
of bi8 volnme of observations, and, in his letter of thanks, gave 
some account of bis proposition. 

" I am of opinion," said he, " that astronomers act unwisely in 
considering tihe solar parallax dednced from tbe transits of Venus 
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in ITCI and lt69 snfflcientlj correct, &nd do not BTail tbemeelTes 
of more modern methods of observation, fijr the purpose of grado- 
ally acquiring more accnrate knowledge of it It is trae, indeed, 
tbat the oppositions of Mara were long ago proposed for this 
purpose; bnt I am not aware that anf effective use baa been 
made of them since 1T51, although the Nantical Almanac baa 
regularlj furnished an epbemeris. There is, however, a third 
method, which presented itself to me some time ago, and I eaonot 
comprehend why it shonld have been so entirely neglected. I 
mean, by observatiana of Yenas during tlie period of its retro- 
grade motion, and, more especially, when the planet is stationary. 

"The delicate and faint crescent form of Venus, at tbe con- 
junctions, offora excellent opportunities for obeervatioa; and from 
what I have been able to accomplish with my small instrument, 
I have every reason to believe that most excellent results are 
obtainable with meridian instruments, at observatories in opposite 
hemispheres, but lying nearly nnder the same meridian. Further^ 
more, at that time, Yenus is almost twice as near to the earth as 
is Mars when in opposition, and observations upon it have the 
very important advantage that it is not absolutely essential they 
should be simultaiieons, or neariy simultaneons. Again, when 
the planet is stationary, the observations of one meridian may be 
readily referred to another by interpolation, without risk of MTor, 
and, at this time, it is ronehnearer to the earth than Mars can 
be in the moat favorable case. Finally — the distance of the 
planet from the snn being about 39° — mtcrometrieal may be 
combined with meridiontd observations. In my opinion, then, it 
should be our object to multiply meridian observations of Yenns 
about tbe periods when it is atationary, and endeavor to obtain 
micrometrical meaaarementa from all parts of the earth; more 
eapecially from voyagers," 

After a summary of his views, Dr; Oerfing continued : " The 
preceding ajmopais of my paper will, I hope, reach yon in print 
after a while. Meantime, I beg you will examine the- subject, 
and, should you coincide in my views, I trust yon will interest 
American astronomers as for as yon can, for I flatter myself that 
observations will be instituted thisyearat European observatories; 
and, indeed, I am cnre that a greater number of accurate meridian 
observations are likely to be made during the months of Sep- 
tember, October, and November than is common. For the results 
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and auceeia of 1S41, it is mucti to be desired that the few delicate 
ineridiaD ioBtruments ia th«! soatlieru hemisphere should be 
brought to co-operate with ns; and this, perhaps, it ia in your 
power to facilitate. Of equal consequence will be micrometer 
obserrations from the same section of the globe ; but as the latter 
require no permanent obserTatory, and only a chronometer, a 
telescope fitted with a micrometer, and a knowledge of the 
neighboring atars, such obaerrations may well be made b; tra- 
rellera. Whether there will remain time prior to the eastern 
period for the necessary instruction of voyagera to the soathern 
hemiepbere, I am not able to determine." 

" This letter," says Qilliss, in the history of bia e.ip«ditiona, 
"bears date 17tfa of April, but waa not received until the early 
part of July, and the next eastern stationary term was to occur 
in September. On conference with the late able astronomer. 
Professor S. 0. Walker, be anggested the imnediate pnblicatton 
of the letter, aa the mode most ezpeditione of making it generally 
known, and, in accordance with his advice, printed copies of a 
translation were forwarded to all the astranomen' and obaervo- 
tories of the TJoited States, with aa little delay as posaible. There 
was too little time in which to perfect arrai^ments for more 
extended co-operation at that conjunction, and Dr. Gerling waa 
shortly notified that the distribution of bia letter waa probably 
all that I should be able to do in the wort for 1847. But, to 
prove my interest in the proseration of the problem to its solu- 
tion, t then proposed an expedition to Chile, to observe the planet 
near its stationary terms and o]q>osition, in 1849, should my viewa 
receive enconragement from astronomers to jnetify snch an under- 
taking. Ifearly on the same meridian as Washington ia the 
island of Cbil6e — a place of conaiderabte trade with the nearer 
ports, and occasionally viaited by American wbale-ihips. At all 
events, it was acceeaible without much difficulty, and I hoped to 
be able to induce the foremment to send me tliBre^ propoeing to 
leave the United States in time to reach the island by the middle 
of March of that year, at latest To avoid expense, which it was 
supposed would prove the first and main obstacle, t contetoplated 
only one aasistant, who, like myself, would be an officer of the 
Navy, and in the receipt of pay, whether abroad or at borne, and 
would take inatrnmente already belonging to, or under control of, 
the government I proposed Cbilde, because it was the point 
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futhest south on this contiaent at which a, leogthened winter 
residence coatd be endured, in exposure, witbont incurring && 
outlaj tbftt might prove a serious impediment, and becanae I 
thought that & passage to it coald be obtained in a whale-ship 
from one of our northern ports. It being inhabited bj a civilized 
aud most hospitable people, would tend to render a residence of 
fire or Bix months, in the latter part of the autumn and winter, 
not altogether uncomfortable. It« distance is about 5000 mile«, 
due 30Dtb from Washington ; and a comparison of the obserro- 
tions I proposed to make there, with those to be obtained at the 
Washington Obaerval^iry, would give us a determination of the 
parallax from data wholly American. This last reason I hoped 
would benefit me, should it be necessary to seek the interposi- 
tion of Congress." 

Then commenced a series of efforts, prosecuted with the vell- 
knowu energy of our lamented colleagne, to prepare judicious 
plans and to interest both astronomers and lawgivers in the pro- 
posed enterprise, "Remembering," said he, id a letter to Ger- 
ling, in November following, "the vast outlays Europe has 
encountered in efforts for the faithftal solutioD of this very problem, 
as well as in other hundreds of scientific enterprises, and the fact 
that America, which participates so largely in the benefits derived 
from the labors of astronomers, has hitherto contribnted so triBing 
an amount to the common stock, I am the more keenly sensible 
of the noble opportunity now within our grasp to present the 
world, from our own continent as a base, the dimensions of onr 

common system There is but one perceptible obstacle — 

pecuniary outlay — ^yet when its very inconsiderable amount is 
contrasted with the grandeur and importance of the object to be 
attained, I cannot bring myself to believe that this objection will 
be suffered to weigh, and I therefore repeat the remark made in 
my former letter — give the proposition the encouragement of 
scientific men, and I etand pledged for its successful equipment. 
At all events, regarding it as a possible attainment only, two 
questions present themselves for consideration, and it is time 
they were discussed: first, Is the locality proposed (Childe) the 
best which can be selected for the contemplated objectf And 
second. Will the instruments which have been specified to you 
permit the accomplishment of that object in the most satisfactory 
or desirable manner V 
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To the careftil examination of these all-important qaestions 
Gillies addreesed himself with seal, entering into correspondence 
on the subject with American and foreign astronomers, and 
gatheriug information and coudbcI from every possible quarter. 
He soon found that the climate of Chil6e was ill-adapted ta bis 
purposes, and that the better climat« of Yalparaiso would id all 
probability more than compensate for the diminished length of 
base which it would entail. Some disadvantage arose from the 
eastwardl; trend of the coast farther north, which would carrj 
Uie observer to the eastward of Washington; but this he over- 
ruled as a minor objection, " more especially as we have other 
observatories at Philadelphia, West Point, and Cambridge, whose 
equipments justify the expectation that they will take part in the 
observations ; and there is but one to the westward of us at all 
likely to co-operate, viz., at Hudson, Ohio." 

Encouragements soon began to arrive from the other side of 
the Atlantic. Gaass and Encke contributed the influence of their 
great names, and Bache, Pcirce, and Walker added tbcir endorse- 
ments to the plnn. Resolutions of approval and recommeudation 
were passed by the American Philosophical Society, of Philadel- 
phia, and the American Academy of Arts and Sciences, of Boston ; 
and each of theae bodies, then the leading scientific tribunals of 
the land, appointed a committee to co-operate in furtherance of 
the nndertaking. The Secretary of the Navy referred the matter 
to the action of Congress, and within a fortnight a report was 
made by the Hon. F. P. Stanton, of Tennessee, chairman of the 
Karat Committee, cordially approving of the plan. Oilliss had 
pledged himself that if the Navy Department would furnish the 
apparatus already within its control, and assistance from the 
officers under its direction, the total expenses of every kind for 
the expedition, exclusive of instraments, should not exceed $501)0. 
The Naval Committee reported an amendment to their bill, 
appropriating this sura, and giving the requisite authority to 
the Secretary of the Navy. The clause was sanctioned by both 
Houses of Congress, and the bill containing it was approTod by 
the President on the 8d of August, 1848. Preparatory orders 
were at once issued by the Secretary, containing all needful 
authority for making the preliminary arrangemeoti. 

Before a year hod elapsed, the programme had been matured, 
the formal concurrence of the committees of the two learned 
II »« 
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societies obtained, an equatorial telescope and s meridian-circle 
ordered and constracted, and Gillies had reported to the Kavj 
Department that the instrnraents and other portions of the equip- 
ment essential to the proposed observations were on their way to 
Chile, in charge of the officers assigned by the Department as 
assistants. Not a fortnight more than the year had passed when 
Qilliss himself was on his way to Talparaiso, whore he arrived 
by the way of Panama, in adrance of the ship contfUDing the in- 
strum ents and his assistants. 

The detailed account of the organization of the expedition is 
Tsry interesting, and may be found presented at length by Oilliss 
himself, in the third rolume of the Results of the Expedition. 
The limits of this notice preclude any more minnte description ; 
but the whole constitutes a most interesting chapter in the history 
of science in America, and one no leas important in its indirect 
influence than in its direct results. It was one of the earliest 
instances, if not the first, of deference, by the legislative ond 
executive authorities of the nation, to the views of the onp>Dized 
representatives of science within its borders. Rarely before had 
they been consnited when the weightiest scientific ioterests were 
at stake, aad almost as rarely bad any formal expression of their 
convictions, however nnanimous, availed to guide the scientific 
policy of the nation. It was moreover the occasion of the first 
order to an American artist for a telescope of any considerable 
dimensions, and to the truly patriotic spirit shown by Qilliss on 
that occasion, at the instance of our colleague, Mr. Rutherfard, 
whose efforts in that direction are so familiar to us all, may 
unquestionably be attributed mnch of that subsequent develop- 
ment of iuBtrumental art of which we are now so proud, and 
which has already given snch distinction to the names of Fits, 
Spencer, Wiirdemann, Clark, Toltes, and others, all happily 
yet remaining to us except the first-named — the pioneer of all. 
Although well aware of the danger of too mnch detail, I c^not 
refrain from giving the history of this flrst large American Equa- 
torial. The Bve-foot telescope purchased for the exploring ex- 
pedition, and upon which Gilliss has depended for his observa- 
tions, was found, to his di.smay and embarrassment, to have been 
stored in a position exposed to the extremes of temperature and 
moisture, which had seriously, if not fatally injured the object 
glass. Already the Fox's defiector had been found to be hope- 
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less); iDJured, and the decliDometer to have beea given to a mixed 
commiBBioD for earveys id California. But in these difficnltiea 
the Smithsonian Institntion, although Bcarcelf more than organ- 
ised, came to hia relief. Professor Henry offered a aeismometer 
and a complete meteorological outfit, and subsequently authorized 
the purchase, at the expense of the Institution, of a complete set 
of portable instrumeuts for m^j^etic determinations. But where 
in this unforeseen emergency to look for the telescope, the indis- 
pensable implement for the proposed observations, became a 
question of the most serious moment. Nearly one-half of the 
appropriation was already pledged for the meridian-circle ordered 
^m Berlin, and $1000 at the least wonld be needed for the piers, 
bail dings, etc. 

To the honor of the Smithsonian Institution, this admirable 
oi^anization came again to Oilliss's succor. Although all its 
available funds were in demand for current expenses, and for the 
erection of the expensiTe building, then slowly going on, so that 
any immediate appropriation of tbe requisite amount was out of 
the question, the Regents, at tbe instance of Professor Henry, 
manifested a deep interest in the undertaking, and at last offered 
tbe credit of tbe lustitntion by anthoriEing the purchaae of an 
equatorial telescope of 6^ inches aperture, provided it conld be 
obtained at a stated price, with int«rest, on a credit of three 
years. 

Let me continue in Oillias's own words — "No importer to 
whom application was made was willing to order one IVom Ger- 
many OD Bnch terms. Messrs. Merz, the snccessors to Praunhofer, 
at first declined eelling without the cash ; indeed their ordinary 
custom is to demand one-half the price in advance; and tbe 
only maker in the United States likely to execute properly the 
mechanical portions of so lai^e an instrument refused to accept 
tbe offer. Just as I had made arrangements to borrow on my 
own account the sum charged by Messrs. Mere, and import an 
equatorial from them, Professor Henry authorised me to increaae 
the oSn to Mr. Young, of Philadelphia, and eventually a contract 
was coDclnded with him, on behalf of the Smithsonian Institution, 
the right being reserved to me to procure the object-glass and 
micrometer from such artists as might be preferred. 

" About this time notice was published by Mr. Rutfaerfurd, in 
Silliman's Journal, of the performance of an object-glass made 
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from imported materials by Mr. Henry Fitz, an optician at New 
York. Learning that several other lenses had beeo perfected bj 
the same artist, I determined to examine them all, and tUen confer 
with Messrs. Bache, Poirce, and Walker. To be brief, the ex- 
amination and conference resnlted in an order to Fits to grind a 
lena from Oninand's glass, to be of the same diameter (six French 
iDChes) as that of the telescope at the High School Obserratoiy 
ill Philadelphia, and to forward it to Professor Kendall. If he 
and other competent judges should pronounce it as gocd, in every 
reject, as the High School lens, it would be purchased at the 
Mnnich price, $500. If inferior, we should hare the right tn 
retain and use it, free of cost, until another could be imported 
from Bavaria. 

"Between the date of the order, November Slth, and the time 
that the tube was ready, April 16, 18i9, Mr. Fitz prepared three 
lenses of that size. Yeins developed themselves in one, only 
after it had been polished ; and a second proved scarcely less 
objectionable in its crystallization. Of the third submitted for 
trial, Professor Kendall wrote to me. May 1: 'I had the pleasure 
of making trial of the Fitz object-glass last evening, and was 
highly gratified with the result. X compared it with ours upon 
the moon, Jupiter, several double stars, and the bright star Tega, 
with its companion, using a variety of powers, and it is my 
opinion that Mr. Fitz has fully accomplished all that he nnder- 
took to perform. From this trial I am unable to prononnce which 
is the better glass. The Fraunhofer did nothing which was not 
as well done by the Fitz glass. .... Indeed, we are all delighted 
frith his success, and I am fnlly persuaded that between this and 
one yon might order from Mers the chances would be decidedly 
in favor of the former' 

" Gratification is a feeble word to express my pleasure at the 
success of the American optician, for I could not but think this 
first Yankee telescope of considerable size marked an era in the 
progress of mechanical science in our country, for which I hoped 
future astronomers would render due credit to the expedition. 
That Mr. Fitz was thoroughly competent to figure and polish, I 
was fnlly convinced, on examining the object-glasses previously 
made, and my only regret was that he could not forthwith under- 
take the whole task, and begin by manufacturing bis own glass. 
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But he bad geoius, uid nothingf wonld be more likelj to stimulate 
biin to undertake it than tbe Eucces§ juat met with. 

"Thus, throagh the assiataace of others, the expedition wonld 
be most efficiently equipped ; and the support of the Smithsonian 
Institution, at a vetj trying period, will always be remembered 
with the sincerest gratitude." 

Two passed-midfibipmen, Messra. Archibald MacRae and 
Henry C. Hunter, were detailed as assistants, and a young civilian 
appointed as "Captain's clerk," and thss the expedition was 
equipped. Before their departure they were stationed for a short 
time at the Observatory, for instruction by the officers in charge 
of the instniments, and employed in selecting stars to be desig- 
nated in advance as objects of comparieon. Lithographed charts 
exhibiting the apparent paths of both Yenns and Mars during 
the period of the proposed obserrBtions in the years 1849-53, 
were sent to all tbe northern obserTatories, eince the obserTations 
for parallax woald be available only when combined with corre- 
sponding observattooB in the Northern Hemisphere. And ioas- 
moch as the co-operation of all other institutions would be matters 
of &vor or of scientific zeal, special instmctions were issued by 
the Secretary of tbe Navy to Lieutenant Maury to cause the 
requisite observations to be made at the Naval Observatory. 

A circular was also prepared by Lieutenant Maury, and dis- 
tributed to tbe various observatories of the world, describing the 
expedition, asking for their co-oper&lion, and requesting that the 
results be sent annually to him at the Waslitngton Observatory. 

The precise place of observation was left to be decided upon 
Oilliss's arrival in Chile, the only limits determined in advance 
being tbe parallel of Yalparaiso and Concepcion. It was not till 
after bis arrival in Chile that the city of Santiago was fixed upon, 
as combining the greatest namber of advantt^^es ; and there, upon 
Santa Lucia, a small porphyritic knoll in the eastern quarter of 
the city, the observatory was erected, which had previously been 
constructed in Wasbingtoa. 

Tbe Chilian government received the expedition with a cordial 
hospitality, placing at bis disposal any unoccupied public ground, 
admitting free of duty all the effects of tbe officers as well as the 
equipments of the expedition, and from Srst to last facilitating 
the enterprise by every means in their power. On the 6tb 
December, 1849, the equatorial was in position, on the 10th the 
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seriea of obserrfttiong of Mars was commenced, and it was coq- 
tinued for the flfty-two remaiuing nigfata which had been desig- 
oated in the pro^amme, with the loss of only fonr, on which the 
weather was nafavorable. Early in February the circle was ready 
for use, and a series of zone observations was commenced with 
it at 15° from the pole — working toward the zenith on snccessiTe 
nighta in )>elts 24' wide, nntil compelled to return below again 
in order to connect in right ascension. " We were always occu- 
pied," says Oillisa, "from five to sis, and sometimes more, hours. 
Lieutenant MacRae and myself devoted alternate nights to these 
observations, very rarely having relief by clouds until after April 
31. Indeed, between Feb. 4th and that date, seventy-six nights, 
there were only four of tbem obscure. Tbe runs of latter autumn 
and winter came none too soon for ns." 

Meantime, at the application of the Minister of Public Instmo- 
tion, three young Ghiliaus were instmcted in astronomy and tbe 
use of instruments; and magnetic and meteorological observations 
were systematically carried on. Mr. Hunter, having been injured 
eorly in January by being thrown from a horse, was obliged to 
return to the United States, and his place was supplied by Fassed- 
midsbipman S. L. Phelps, the same who has since, as Lient^nant- 
Commoader, rendered snch essential service to the country in 
naval operations upoD tbe Mississippi, and other western rivers. 

An accident to one of the micrometer-screws of the circle 
rendering the simnltaneous labor of both assistants necessary at 
the zones, their duties were fixed for each alternate night, while 
Qilliss himself employed the intermediate ones in examining such 
of LaCaille's stars betvi-eea the Eenith and the pole as bad never 
been twice observed. The pages of the astronomical periodicals 
of that time bear witness to tlie effectiveness of his scrutiny, by 
the record of m^y hundred errors detected in the Catalogue of 
I^Caille. On the reception in June of new micrometer- screws 
from the makers in Berlin, the original system of observations 
was resumed. During tbe series of observations of Tenus, Gilliss 
records several occasions when tha cnsps of Venus could be dis- 
tinguished by tbe unassisted eye. 

1 will not dwell further upon the details of the observations, 
for they ore fully described in tbe magnificent volnmea containing 
the results of the expedition. Let me simply sum up the work 
accomplished. Between the 6tb December, 1849, and the 13tb 
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September, 1852, eniea of micro metric coDiporisooB of Mars were 
uuule OD forty-six duya Ouriug tlie first, and oinety-tbree daja 
daring the secoad oppositiou, aud micrometric comparisoDB of 
Venus on Sfty^oae days daring the first, and tweiily-Gurea days 
dariog the second inferior conjunctions ; the observationB on each 
day being continued through several hours, whenever the sky 
permitted, and the work l)eing executed with the same delicacy 
and care which had cbarocteriEed those earlier tranait-obserfa- 
tioQS on Capitol Hill in this city. In addition to this, very much 
else had been done ; but these grand series of observatiODS, ex- 
ecDted in precise conformity to the programme laid down, war- 
ranted the confidence that his devotion bad not been in vain, 
and that the problem of tbe parallax would be solved. His two 
hundred and seventeen series of observations extended over nearly 
three years ; — if northern observations had accomplished half as 
much in correspondent obBcrvations, the question must be decided, 
and the celestial unit of measare determined with new precision. 

What shall I say. Gentlemen of tbe Academy, of Qilliss's 
emotions, when, i^after returning from his long absence to com- 
bine and discuss the result of hia five years' labor, be found the 
following correspondent observations awaiting him J 

From the Washington Observatory — eleven of Mars, of which 
six were recorded as wholly, and three others as partintly uuBatis- 
factory, and eight of Venus, two of which were noted as bad. 
From the Cambridge Observatory — five of Mars, of which four 
were of one limb only. From the Greenwich Observatory — four 
of Mars, three of them being designated as not good. From all 
northern observatories, none. His expedition was fhiitlesa, so 
far as his primary object was concerned, but the consciouBness 
was his, that he bad done bis duty. 

He caused his results to be elaborated, thoronghly discnssed, 
and all possible observations in tbe Northern and Sontbem 
Hemispheres to be collected and combined. No toil was spared 
in this work ; and the recollection of the painful struggle to attain, 
through punctiliousnesB of computation, what had been hoped for 
from abundance and thoroughness of observations, is yet among 
the most vivid within tbe range of my memory. Bat it was in 
vain. The processes of reduction, the reference to approximate 
ephemerides, the determination of the comparison-stars, are all 
on record, and it will be for the fnture historian, when the true 
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Tftlaes are establiBhed beyond qaestion, to decide whether a 
better determiDation can be elicited from the materials provided. 

The final resnlts attained were — that from the second opposi- 
tion of Mars, as also from either coDJnnctioo of Venus, no toler* 
Mj probable result coold be deduced, by reason of the almost 
total lack of observations ; and that whatever result was dedn- 
ciblemust be from the first Mara-oppositioo alone. The materials 
here too were entirely inadeqnate, though in comparison with 
those for the three other series they seemed largo ; but on closer 
Bcrntiny a great portion of them proved not to have been made 
with the needful care. The only resntt to be deduced was alto- 
gether at variance with that which subsequent investigations 
have rendered probable. 

Fortunately for science, and happily for Gilliss's own oon- 
scionsneSB, his observations were not limited to those which it was 
his special daty to make. Even these on Mars and Tenns, 
which failed of yielding their deserved fhiit in affording those 
data which they were institnted to obtain, are yet of priceless 
valne In the means which they afford, and which will doobtleas 
soon be made nsefnl, for improving our knowledge of the orbits of 
onr two neighboring planets. 

Among other astronomical fhiita of the expedition to Chile I 
may mention the following : TOOO meridian observations of 3000 
stars, cbieQy the standard stare need for determining the errors 
of instrumental adjustment, and the LaCaille stars already men- 
tioned. These, with their instrumental and tabular redactions, 
and a resultant catalogue of their mean places for the equinox of 
1850.0, form a part of Vol. IV. of the series of the results of the 
expedition. The remainder consists of observations of Mars and 
Vcnos not included in the Parallax volume, and observations of 
the moon and moon-cniminating stars. This volume was left 
ready for the press at Gilliss's death ; and his distingaished suc- 
cessor. Admiral Davis, gives roe the gratifying information that 
he proposes now to strike off and bind up the catalogue by itself, 
on account of its special utility to astronomers. 

Equal, if indeed not superior, in value to these are the Zones, 
comprising more than 33,000 observations of about 33,000 stars 
within S4^° of the South Pole, These comprise stars to the 
tenth magnitude inclnsive, more than five-sixths of which, or 
about 20,000, had not before been observed. These will consti- 
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tHt« the fifth volume, which will coDtaln about 1200 quarto 
pages. The reductioa of the declinatioos has alroad; been es- 
seotiallf completed, and Admiral Davis, oDder whose chaise tite 
work is DOW placed, estimates that two years' more labor with the 
preseot force will prepare it for the press. I need not sa; with 
what satisfaction the publication will be welcomed by astrono- 
niera tbroagiiout the world. 

An nnforeaeeD and pecnliar obstacle was encountered in the 
large azimuthal motion of the hill of Santa Lucia, which seemed 
to andei^ a certain amount of rotation, alternating in direction 
as the scorching rays of the snn by day, or the firigid emanations 
of the near Andes by night, alternately exerted their maximum 
effect. This phenomenon seema to have i^en not only greater in 
degree, but entirely different in some respects from that other 
analogous phenomenon of diurnal aiimnthal fluctuation, which 
there is now reason to believe very general, and of which I have 
spoken on other occasions. Add to this the earthquakes, of 
which be recorded oue hundred and twenty-four observations 
daring the three years of his sojourn in Santiago, and which in- 
evitably destroyed or changed the adjnstmenUof the instrumeats, 
the permanent or temporary loss of assistance on several occa- 
sions, and the exhausting nature of the observations, continned 
with such onfailing assiduity through seasons at once so cloudless 
and so enervating, and yon may form some estimate of the effort 
and energy implied. Such are the astronomical results of this 
most honorable and nseful expedition ; yet these constitute by no 
means all the information it collected. 

The observations on earthquakes are most valnable and exten- 
sive, comprising not merely those made under Qilliss's immediate 
direction, but others also, instigated or collected by him, of the 
same phenomena at other places than Santif^o, daring his stay 
in Chile. Among these is an admirable series, not less complete 
than hia own, observed by Sefior Troncoso at La Serena, the 
capital of the province of Coquimbo, about 350 miles to the north 
of Santiago. These, and a collection of the accounts of the chief 
Chilian earthquakes on record, ara included in his first volume, 
and warranted in Qillies's opinion sundry important dednctions, 
the chief of which, apart from those of a purely local nature, are; 
That there are no permanent centres of disturbance, the apparent 
direction of the vibrations varying at each occurrence. That a 
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Urge proportjon of the tremors are neither undulations nor Tibra- 
Uons, bat rather rapid vertical displacements of the crust of the 
earth, almost, if not abBolately simultaneous over the disturbed 
district And finally, the rery cnrioDS one, that the season of the 
year seems to esert some influence — the average monthlj shocks 
at Santiago during thirty-five cousecutive mouths being ISJ for 
April, while it reached in no other month so large a number as 
14^, and similarly at La Serena, the average number during 
twenty-eight months being fifteen for November, eight for De- 
cember, and for the mean of the other months less than four. 

The barometer and thermometer were recorded seven times in 
the twenty-four hours for the whole thirty-five months, and hourly 
one day in each mouth. On three days in each mouth, one of 
these being the regular "term-day," extended systematic obser- 
vations of direction and inlensity of terrestrial magnetism were 
carried on ; and on the first of each month, during preappointed 
hours, the fluctuations of the magnetic declination were watched, 
simultaneously with corresponding observations by the Coast 
Survey on the Atlantic and Pacific coasts of the Unit«d States, 
to discover whether these fluctuations showed indications of 
synchronism in the two hemispheres. The last of the sis quarto 
volumea which record the results of the ezpeditioD is already 
pabliehed, and devoted to the meteorological and magnetic ob- 
servations, an(l their tabular discussion. 

The first volume of this series contains an elaborate treatise 
upon the physical and social characteristica of Chile, its commerce 
and its resources. The second volume begins with the narration 
of Lieutenant MacRae of a Journey homeward and back across 
the Andes and Pampas. After the completion of the magnetic 
observations in Chile, they were placed in charge of Lieutenant 
MacRae, who was instructed tocarrytbem across the Andes and 
the Argentine Territory, returning home by the way of Buenos 
Ayres, making regular observations on bis way for determining 
elevations, geographical positions, magnetic and meteorological 
data, for each 30U0 feet of ascent and descent, and for each 
hundred miles of longitude ; and collecting at the same time such 
other geographical and statistical data as he could. These in- 
structions were well carried out by Lieutenant MacRae, but his 
mountain-barometer having been broken on the way, and his 
chronometers so mnch injured as to impair his reliance on them 
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for loDgitadcs, he offered on Iijb return to retrace the jonrney at 
his OWQ expense, and repeat the observatioDS, provided a new 
Bet or instrnmeuts could be sappHed. This was at once acceded 
to by the Secretary of the Navy, and the ontlaye for the trans- 
portation autliorized. The description of the two joameys across 
the continent, with the accompaDyiog tables of physical constants 
for a targe nnmber of stations, and meteorological records daring 
each transit, form a valuable contribution to the results of the 
expeditioD. And together with these are published reports by 
the most competent authorities whose aid Gilliss conld enlist on 
his retnm, giving descriptions and claesiGcations of the varions 
objects of natural history collected during the three years. There 
is also an interestiag chapter by Mr. Ewbauk, upon the curious 
uitiqnities brought home from Chile and Peru. 

The third volume contains the observations for dednciag the 
parallax, together with their discussion as heretofore described. 
The fourth and fifth, as yet unpublished, are, as I hare stated, to 
contain reBpectively the absolute determinations with the meridian- 
circle, and the in?alaable circnmpolar zones. 

If I bare devoted much time and space to the description of 
this interesting and valuable expedition, it is because few others 
on record have accomplished so mnch, in proportion to the means 
provided, and because the results have been especially honorable 
to all those who took part in it — from the legislators, who intro- 
duced the measure in Congress, to the Chilian government, who 
purchased the instruments and equipments, when the contemplated 
work was done, and have established the first really National 
Observatory of the Western Continent And moreover, in so 
far as the admirable Naval Observatory in this city may be 
regarded as a National Observatory, Oilliss'a name is no less in- 
separably connected with the one than with the other. 

Pn^essor Moesta, a graduate of Marburg in Hesse, and a 
Chilian by residence, was appointed Director of the National 
Observatory of Chile, and has conducted it with honor to himself, 
and to the government which placed it in his charge. 

On the 1st October, 1852, Qilliss left Santiago on his return 
homeward, and in the following month arrived in the United 
States, after an absence of three years and a quarter. 

During the fonr years nest ensuing, he was engaged under 
orders from the Navy Department in reducing the observations. 
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and the preparatioo of bis oarratire, and of the work on Cbile. 
In September, 1855, however, a great blow fell apoQ him. The 
Naval Retiring Board, under orders to report to the Secretary of 
the N^avy the names of all ofBcen who were io their jadgment 
incapable of performing all their duties both ashore and afloat, io 
order that they be placed upon the " reserved list" with furloogh 
pay, reported the names of 201 out of the T12 officers in the 
geveral grades prescribed by law. Of tliese 201 names, 49 were 
stricken from the rolls, and the remainder placed upon the 
reserved list. Strange as it may seem, Gilliss's name was among 
the number, the reason assigned — indeed the only one assignable 
— being, that twenty years had elapsed since his last sea service. 

Oilliss felt this imputation keenly. His first volume only bad 
appeared, and the Secretary promptly notified bim tbat he wonld 
be retained on the same duty of preparing the remaining five for 
publication, and without diminution of his salary. Still a Btigma 
was afSxed, as he thought, and be fancied tbat disgrace, or at 
least humiliation, attached to his new position. He had fulfilled 
the first duty of an officer for all these years by implicitly obey- 
ing orders. No one of these orders had ever been solicited by 
bira, excepting that for the charge of the expedition to Cbile. 
Some of them had indeed been adverse to bis known wishes, and 
in a published letter sent to those learned societies which had 
enrolled him among their memlwrs, be earnestly, yet with re- 
markable gentleness and courtesy of language, set forth the injus- 
tice with which he considered that he had been treated. He 
urged that a man of trained mind could no more forget the pro- 
fession acquired in the vigor of his yonth, than he could forget 
the art of swimming, mastered at tiie same period of life, and that 
the only ground on which his "retirement" could be advocated 
or defended, namely, a presumed inability by reason of disuse to 
perform the duties of an officer at sea, was utterly fallacious. 
Yet, waiving that point, how could an officer be justly set aside 
for alleged incompetency in his profession, when his life had been 
spent in active, energetic fulfilment of orders of his superiors, 
over which he had no control — even had these orders not been 
given without solicitation on his own part. 

I pass this subject by, for it can do no good to dwell upon it 
It is not for me, nor indeed for any of us, to pass judgment opon 
acts purely professional and technical ; and there can be no one 
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more psiurallj aware huw fret^oeDtly great individaal injustice 
eeems iDseparable from the ezecntiou of plans judiciooe in tbem- 
Belves, and conducive to the pablic welfare. It ib not an infre- 
quent observatiou tbat wise laws do not alwaja seem to go hand 
in hand with equity. 

It may be well to state here that wbeii, after the flight of Maury, 
in 18$1, Oilliae had been assigned to tlie post which the ecientific 
world bad expected for him Blxleen years before, be soon received 
a comuii&sion as Commander, and a little more than a year later 
be received a commission as Captain, in the regular order of his 
seniority. 

Early in the summer of 1858, white he was still engaged in the 
reduction of bis observatiouB, Oilliss, seeing the announcement 
that European observers were preparing to visit Brazil for the 
purpoHC of observing the total eclipse of the sun in September 
folloving, and perceiving that no arrangements were in progress 
for sending observers to the rainless region on the western coast 
of South America, volunteered his services. On the 8th of June 
he addressed a letter to Professor Henry, as Secretary of the 
Smithsonian Institution, offering to undertake the journey ; and, 
the proposition meeting a ready response, arrangements were 
speedily made and carried into ezecutioD. The Coast Survey 
furnished instruments for determining geographical position and 
time, as also a tent; the Kaval Observatory contributed two 
pocket-cfarouometers, and Mr. Fitz hurried to its completion, and 
lent for the enterprise, a 4^inch equatorial, inonnted on a stand 
adjustable for different latitudes. Accompanied by a yonug 
friend from New York, Gilliss left that city on the Sth of Au- 
' gust, for Payta, in Peru, where they arrived on the Slst of the 
same month. 

It is intensely gratifying to the lover of science, in reviewing 
the history of this expedition, to note the international courtesies, 
the liberality, and the appreciation of scientific research, which 
it elicited on every side. Doubtless the personal reputation of 
Gilliss, especially high in that direction where so mnch of bis 
BcientiGc efforts bad been expended, contributed largely to these 
amenities ; and to bis dignified yet modest bearing, together with 
his unfailing courtesy, unquestionably mnch was due. Still, such 
aid and ready assistance as the expedition received on every side 
ciearly manifested an earnest desire to aid the scientific enterprise 
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in every possible way. The United States Mail Stesnisliip Gom- 
pan;, tlie Panama Railroad Company, and the Pacific Mail Steiiffi> 
Ehip Company, gave the ose of their ships and cars, otEering, 
moreoTer, erery other assistance in their power. The British 
Steam-Navigiition Company granted free transport with great 
cordiality, and instracted their agents to aid the objects of the 
ezpeditioa iu every possible way. "And so faithfully were these 
instractioDB carried out," says Oilliss, "that I cannot too ear* 
nestly express my appreciation of the considerate kindness shown 
me by the manager and agents of the line at Callao, Talparaiso, 
and Panama, or of the captaiDS while making the voyages on 
board their ships." "Daring two weeks' detention on the isth* 
mas," when returning, "we were gnests of the Pacific Mail 
Steamship Company." On the day of his arrival at Payts, was 
received, through the captain of a war steamer lying in that port, 
a message from the Admiral commanding the French fieet in tho 
Pacific, offering to carry him to any point on the coast, or to 
facilitate the observations by any means at his disposal. The 
Pernvian Minister at Washington had given official letters com- 
mending the expedlUon to tlie interest of the local authorities. 
The cases containing iuGtmments and peraooal eflecls were passed 
unopened through the custom -hoa se ; the captun of the port, 
the prefect of the province, the governors of the towns, and the 
inhabitants of the regions traversed, afforded all the official aid 
and all the personal hospitality in their power. 

Finding that the atmosphere near the coast waa very unfavor- 
able about the boor of sunrise, at which time the eclipse would 
occur, it was decided to travel inland to some point near the 
Andes, and close upon the central line of totality. Leaving the . 
zenith-telescope of the Coast Survey, and a <ihronometer, withthe 
captain of the French steamer, who proceeded with the steamer 
to a point about sixty miles south of Payta, where the central line 
of the shadow would first tonch the continent, Oilliss himself, with 
Mr. Raymond, bis companion, carrying the smaller instrnments, 
and alter despatcliing the Fits telescope, the tent and provisions, 
half a day in advance of them, took their way inland on mule- 
back. "The country between the two places is a desert of sand, 
which is so drifted by the strong daily winds, that the mule paths 
are obliterated almost as soon as made, and the traveller finds 
his way by the tall stakes that have been planted, and the ekele- 
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tons of aDimals that have died oq the road from heat and tbirHt." 
PaBEiDg through the town of Piara, where thej rested for a dsj 
aod obtained important local information, ihej followed the dry 
beda of the so-called rivers, pitching their tent nightly. Water 
for the party, none of the best, was carried by the muleteers ia 
calabashes. On the second day the gaide lost hia way, and it 
was not until noon of the fonrlh day from Piura, the fifth of their 
travel, that they reached the little town of Olmoa, injast 6° sonth 
latitnde, which bad been chosen for the place of observation. 
Bat the joamey had been too exhansting, and long before his 
arrival Qilliss was suflfering from an intense fever. Here his 
energy and determination made themselves strikingly manifest. 
The fever aBsnming an intermittent type, he availed himself of 
its intervale to select a site for his tent, about one mile from the 
town, to obtain time for his cfaronometera and observations for 
latitude, and, while lying prostrate on the ground, lie instructed 
his companion as to each part of the telescope, until it was pro- 
perly mounted, for on the nest morning the eclipso was to take 
place. Happily the fever bad abated when morning came, and 
the eclipse was satisfactorily observed, with all the magnificent 
phenomena of a total obscuration, which lasted for more than a 
minnte. Descending to the town early next day, tliey reached 
Payta on the sixth day thereafter. The results of the observa- 
tions of Messrs. Gilliss, Raymond, and the French officers, are 
published in the Smithsonian Contributions to Knowledge. 

The tedious, exbaasliog, and even hazardous jonrney across 
the Peruvian desert had been undertaken in spite of the fact that 
a point on the sea-coast called Lambayeqne was but twenty -two 
Pemvian leagues from Olmos, the road passing along a valley 
which offers resources throughout the whole distance. But Oil- 
liss had been informed by the commander of the steamer that the 
surf at Lambayeque wns heavy, and that the risk of landing 
there with instruments might produce detention. He was not 
the man to hesitate nnder such circnmBtanccEi, and chose the 
desert, with ita privations and hardships, bat its Increased chances 
of sQcccsB. The event confirmed the propriety of the choice ; 
for when Dr. Moesta, who came up from Chile for the same 
purpose, endeavored to land at Lambayeqne, the surf precluded 
all possibility of landing until the fifth. In spite of his best 
efforts, be could only reach a village five leagues sooth of Olmos 
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before the 7tb, tbe moniing of tbe eclipse, aod the moniiDg was 
cloudy there. In December, QillisB again nached Neir York, 
having availed himself of an opportunity of accompaDfing Dr. 
Moeata on bis return to Chile, and thus revisiting for a few days 
the friends whom be had left in Santiago six years before. 

Meanwhile, as the various reductions and publications of the 
Parallax Expedition went on, Oillisa was not idle in other direc- 
tions. As tbe time for tbe total eclipse of 1860 approached, be 
suggested the noted expedition for its observation which was 
despatched to Labrador under our colle^^es, Messrs. Alexander 
and Barnard, by Mr. Bache for the Coast Survey, and that sent 
by Mr. Winlock of the Nautical Almanac to the Hudson's Bay 
territory, under Professors Ferrel and Newcomb. He himself 
took charge of a third, to AVashiugton Territory, also nnder tbe 
auspices of tbe Coast Snrvey. He observed the eclipse with 
great saccesa, assisted by his eldest sou, now a captain in the 
army, but then in tbe Coast Survey service, and Mr. A. T. Mos- 
man, also of the Coast Survey. The point originally selected 
had been upon tbe Cascade Mountains near Pnget'a Sound, since 
this eclipse also wonld occur nearly at sunrise, and it was feared 
that the mountain ranges might intercept the view. But on ar- 
riving at Fort Steilacoom the officers of the garrison relieved his 
apprehensions on this score by showing tbe inaccnracy of tbe 
topographical information previously obtained. A point was 
found only ten miles from the fort, upon a small open prairie, 
which commanded an excellent view of tbe sun at Its rising, aod, 
profiting by the experience gained at Olmos, and the greater force 
at bis disposal, the observations made here were even more suc- 
cessful. A very singalar phenomenon was here observed, which 
is most graphically described in Gilliss's report Ail tbe pris- 
matic colors flashed with wondrous brilliancy in circular bands 
and rapid revolution over the black disk of tbe moon, changing 
their relative places like the figures of a kaleidoscope. The sus- 
picion naturally arises that this phenomenon was physiological, 
but the con tern poran eons view of tbe same spectacle by an observer 
at Fort Steilacoom, ten miles distant, using an operarglass, seems 
to throw some doubt upon this explanation. 

On the memorable l&th of April, 1861, Commander Maary 
fled from his post at the Naval Observatory, leaving in bis baste 
anquestionabls proofa of treasonable correspondence vritb the 
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pablic enemj. A day or tWQ later, orders were issned to Qilliss 
to assume the charge of the instttation, &Dd poetic juaticc, though 
long deferred, was at last folfilled. The eudden traDGformation 
which took place was like the touch of an encbantet-'s wand. 
Order sprang from chaoR, system from confusion, and the hearts 
of the faithful few who had struggled on for years, hoping against 
hope, were filled with sodden jo;. Short time elapsed before 
their nnmber was augmented by the advent of new aatronomers, 
and in the first week of Jaonary following, the reduced obserra- 
tions of the year were ready for the printer — an unwonted sight, 
for the last volume printed contained the observations of 1849 
and 1850, while only one-seventh 'part of the southern zones, 
planned by Coffin and Hubbard, and observed between the years 
1846 and 1849, had been redaced, and but one -thirteenth part 
published. 

Ton need no reminder, gentlemen, of the suddenness with 
which the American Navy sprang into existence, almost like 
Minerva in full panoply from the brain of Jove at the stroke of 
Tulcan. Apart from scientific duty, it fell to Qillisa's share to 
provide for the equipment of all national vessels with charts and 
Instrnments ; and this he did, nntil the passage of the next supply- 
bill, from the unexpended balance of Maury's annual appropria- 
tion made in times of peace. Bnt this was the least of his deserts: 
he did it from home resources ; he gave & new impnise to the 
industry and skill of mechanic artists and opticians in the United 
States, and for the first time laid down and carried out the prin- 
ciple that no instrument should be imported for the American 
navy which could be manufactured ss well at home. The work- 
shops of the scientiSc artisans of whom we are bo justly proud 
sprang into new activity, and the devices and admirable work- 
manship then and thus evoked reflect upon Gilliss'e nuemory an 
honor second only to that due to the men whose ingenuity and 
enterprise responded to his summons — men who need no mention 
here, for we delight to honor them. Spy-glasaes, sextants, com- 
passes, chronometers, barometers, and all the many minor instm- 
mentol equipments of the navy, were so ordered that the navy, 
the artisans, and the public pnrse were alike gainers. The 
American Nautical Almanac, which had so long earned scientific 
reputation for us abroad, was brought into ase on board our own 
12 17T 
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DatioDftl vessels, and for tbe first time officers held glasses of 
American make, to note the running of American log-lines. 

The energies of the Observatory were not merely stimulated, 
but became directed by a deBuite policy in the prosecution of 
distinct aims. The reduction of the accamulated mass of tbe 
whole ten, aud the greater part of fourteen yeara' crude observa- 
tions, was provided for, aod plans for their publication were 
matured. Tbo various astrooomicaJ institutions of the land were 
invited to systematic co-opei-ation for the prosecution of organized 
schemes of Joint activity. The long-deferred hope of determining 
the parallax by simnJtaneous observations in Chile and in the 
United States was revived, and bjf a strange coincidence of cir- 
cnmstances, the last morning of his life witnessed the publication 
of the result deduced, according to the original plan, by the joint 
activity of the two observatories founded through his own exer- 
tions five thousand miles apart The results deduced by Messrs. 
Ferguson and Hall from meridian and from micrometric observa- 
tions closely accord with each other, and with those deduced 
within the last few years by other methods — and a further diB- 
cnssion of materials from two other observatories shows n close 
corroboration of these values by one of them. 

While the first public annoancement of these interesting de- 
ductions was issuing from the press, Oilliss breathed his last. 
Tbe message for his departure could not have come more sud- 
denly, yet it found him prepared, and with his lamp trimmed and 
burning. A month before, we had parted from him here in the 
full culmination of his meridian power, and most of us had felt 
the cordial pressure of his friendly grasp. It was but a day be- 
fore that he had welcomed home his eldest sod, freed from the 
horrors of a rebel dungeon. It was but a few mtDutea since he 
hod welcomed the new day. We hoped from him yet much more 
for the welfare and the honor of our country. Tet we will not 
call his death untimely. He had lived to see the would-be de- 
stroyers of the repablic melting away, like the night dew as the 
snn grows high — to behold his country, amid struggles which his 
enemies had fondly deemed her death-throes, putting forth new 
tokens of life, and inaogurating a new era for her science as well 
as for her liberties. After years of discouragement and disap- 
pointment, he hod seen his own services recognized. While the 
institution in the other hemisphere whose saccessfnl foundation 
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was due to hie own ability uid endeavor bad become permanent 
and active, he had enjoyed the yet greater satisfaction of seeing 
tbe clond disperse whicb had so long overshadowed that other 
JDBtitation which had been one of the dearest objects of his life, 
and whose reputation bis earliest and his latest labors have alike 
identi6ed with bis own. When cbarlatanisni and disloyalty were 
no longer predominant there, we may imagine the jnst pride with 
which he had entered its doors and assumed command. When 
he departed, the new day-star which has risen upon onr nation 
was high enongh in heaven to show bim the angnries of the 
morning, jet it bad not sufficed to throw those dark shadows 
which we must yet encounter, or to display tbe unwelcome forms 
which yet remain for our eyes. No lingering disease wasted his 
manly powers, nor was his active mind fettered in the dungeon 
of an exhausted body. His brain was full of large ideas, his 
heart teeming with kindly affections, when "God's finger touched 
bim, and he slept." 
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ALEXANDER DALLAS BACHE. 



Gentlemen of the Acadeht: — 

Alexander Dallas Bacbe, whose life aud character form tbe 
subject of tbe following memoir, was tbe son of liidiard Bacbe, 
OQO of eight cbildreD of Sarah, the odIj daogbter of Dr. Benjamin 
Franklin. His mother was Sophia Bnrret Dallas, daughter of 
Alexander J. Dallas, and sister of George M. DalUs, whose 
names are well known in the history of this country, the former 
US Secretary of the Treasury, and the latter as Vice-President of 
the United States, and subsequently as minister to the Court of 
St. James. 

The snbject of onr sketch was bom in Philadelphia, on the 1 9th 
of July, 1806. At an early age he became a pupil of a classical 
school, and was distingoished by an unasual aptitude in the 
acquisition of learning. Shortly before arriving at the age of 
fifteen be was appointed a cadet at tbe National Military Academy 
at West Point. Here, though the youngest pupil, be soon at- 
tained a high grade of scholarship, which he maintained during 
the whole of his courae, and was finally graduated in 1825, at the 
bead of his class. His merit was in this case the more conspicn- 
ous. inaemuch as the clasps is shown to hare been one of unusual 
ability, by having numbered no less than four successful candi- 
dates for the honor of adoption into the Corps of Engiueers. It 
has been mentioned as « solitary instance in the history of the 
Academy, noted for its rigid discipline, that young Bache passed 
throngb tbe entire course of fonr years without having received a 
mark of actnal demerit, and, whot is perhaps not less uncommon, 
without having called forth the least manifestation of envy on the 
part of his fellow-pnpils. On the contrary, his snperiority io 
scholarship was freely acknowledged by every member of his 
clfkss, while his unassuming manner, friendly demeanor, aud 
1S3 
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fidelity to doty secured hioi the affection as well as tli; respect 
of not only his fellow -pup Us, but also of the officers of the insti- 
tution. It is also remembered that bis classmates, with iuBtinc- 
tive deference to his scrupulous eense of propriety, forbore to 
solicit his participation in any amusement which in the slightest 
degree conflicted witli the rules of the Academy. So far from 
this, they commended his course, and took pride to themselves, 
as members of his class, in his reputation for high standing and 
exemplary conduct. His room-mate, older by several years than 
he was, and by no means noted for regularity or studious habits, 
constituted himself, as it were, bis guardian, and sednlously ex- 
cluded all visitors or other interruptions to study during the pre- 
scribed hours. For this self-imposed service, gravely rendered 
as essential to the honor of the class, he was accustomed jocularly 
to claim immunity for his own delinquencies or shortcouiings. 
But whatever protection others might require on account of 
youth and inexperience, young Bache needed no guardian to 
keep him in the line of duty. Impresspd beyond his years with 
a sense of the responsibility which would devolve upon him as the 
eldest of his mother's family, entertaining a grave appreciation 
of the obligations involved in his education at the National 
Academy, he resolved from the first to esert his energies to the 
utmost in qnnlifying himself for the duties which he might be 
called npon to discharge, whether in professional or private life. 
Nor was he uninfluenced in this determination by a consciousness 
that as a descendant of Franklin he was, in a certain degree, an 
object of popular interest, and that on this account something 
more than an ordinary responsibility rested upon him. On a 
mind constituted like his an influence of this kind could not bat 
exert a happy eff'ect. 

The character which he established for gentleness of manner 
and evenness of temper was not entirely the result of native ami- 
ability, for when a child he ia said to have been quick-tempered, 
and at later periods of bis life, when suddenly provoked beyond 
his habitual power of endurance, he sometimes gave way to 
manifestations of temper which might have surprised those who 
only knew him in his usual state of calm deportment. These 
ebullitions were, however, of rare occurrence, and always of short 
duration. His marked characteristic was the control which he 
had acquired over his passions and feelings, and it was this which 
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enabled him to euppresa all tendencf to eelf-indulgeoce, to pur- 
sue with uiiremiUiDg perseverance the course he had marked out, 
to observe an undeviatiug regard for truth and justice, aud to 
efaerish habitually all that would teud to exemplify the kindlier 
affections of the heart 

Although young Bache was perhaps predisposed, from heredi- 
tary inflaence, to form correct habits and adopt high moral prin- 
ciples, yet these dtspositious might have remained dormant had 
It not been for the early training and the watchful care of his 
noble mother. From his earliest days she checked with gentla 
reproof every indication of childicih revolt against wholesome 
restraint, and steadily carried out her system of discipline so 
gently and yet so effectnally that it met with scarcely any oppo- 
sition, and left the conviction that she was always in the right 
Her maternal solicitade did not end with his being placed under 
military rule, but was continued throng his whole course by 
means of a ready pen. In the language of one who was permitted 
to read her letters to her son while at WeEt Point, " nothing could 
be more admirable than the way in which, amid pleasant gossip 
and family news, she wonid inspire her son with high sentiments 
and encourage him to persevering industry." 

As an illustration of his persistency of purpose, it is related 
that, when a recitation of more than common length or difficulty 
was to be prepared for the morrow, it was no unusual practice 
of his to place himself on a seat of unstable equilibrium, which 
by giving way when volition was about to lose its power recalled 
his flagging attention to the allotted task. 

After graduating he was selected, on account of fais scholar- 
ship, to remain at the Academy as an assistant professor. In 
this position, which gave him an opportunity to review his studies 
and extend bis reading, he continued one year; when, at his own 
request, he was assigned to engineering duty under the late 
Oeneral, then Colonel, Totten, at Newport, Rhode Island. Here 
he remained two years, engaged in constructing fortifications, 
devoting his extra hours to the study of physics and chemistry, 
and. as a recreation, collecting and labelling the shells of that 
region. But the most important event of this period of his life, 
and that which, doubtless, contributed in a large degree to hta 
future success, was his becoming acquainted with and subsequent 
betrothal to Miss Nancy Clarke Fowler, the daughter of an old 
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and highly^-espected citizen of Newport. With the Etinted pay 
of a lienteoaDt of engineers, ont of which his mother and her 
younger offspriag were to be provided for, marriage was not to 
be thought of, excepting as an event in the remote distaDce. 
Fortunately as nnexpectedly, however, a change now took place 
in his circa mstauces which enabled him to gratify the earnest 
wish of bis heart and to secure to himself a companioD and help- 
mate who lavished upon him all her affections, and through his 
life ardently devoted all her thoughts and enei^es to sastain, 
' assist, aud encourage him. The change alluded to, and which 
opened to him an nninterruptcd career of usefnluess during the 
whole of his active life, was the resnlt of an invitation to the chur 
of natural philosophy and chemistry in the University of Peuo- 
sylvania, at Philadelphia. He accepted the position with that 
unaffected diffidence which is the usual concomitant of troe bat 
untried merit, though, as might have been anticipated, his event- 
ual success was commensurate with the industry and ability 
which bad marked his prcvions progress. Having already had 
some experience as a teacher, he the more readily gained the 
entire confidence of the authorities of the University and the 
affection of his pupils. lie did not, however, rest satisfied with 
the occupation of teacher, or with merely imparting knowledge 
obtained by the labors of others, but souf^t to enlarge the bounds 
of science by discoveries of his own. As auxiliary to this, he 
became a member of the Franklin Institute, a society then newly 
established for the promotion of the mechanical arts. This society, 
which still maintains a vigorous existence, was well calculated to 
exhihit his talents and develop hie character. It brought him 
into intimate association with the principal manufacturers, engi- 
neers, and artisans of the eity, and into relations of frieudship 
with a large nnmber of yonng men destined, in more advanced 
life, to exert an extended influence on public affaire. He was 
appointed chairman of one of the most important of its committees, 
and was chosen as the exponnder of the principles of the insti- 
tute at its public exhibitions. Facilities were thus afforded bim 
for the prosecution of science, which he could not have well com- 
manded in any other position. Worksho]>3 were thrown open to 
him, nnd skilful hands yielded him ready assistance in realising 
the conceptions of his snggestive mind. His descent trom the 
illustrious stateaman and philosopher whose name the institute 
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bears, and who is nlmoat regarded as the tutelar aaint of Pbila' 
delphia, no doabt coDtrJbuted to a prepoasessioo in his favor, but 
the iufluence which he acquired and maintained was due to his own 
learning, indostry, ability, and courtesy. To these he ovred the 
favor and distinction of having conferred upon bim the principal 
directorship of the scientiQc investigations of the inatitnte, and 
the opportunity which it afforded him of so greatly contributing 
to the usefulness of the society and to the advancement of his 
own repntation. 

For a full account of the labors in which be was engaged in- 
hia connection with the Franklin Institute we most here be con- 
tent with referring to the volumes of its Journal from 1828 to 
1835 inclusive. We may pause a moment, bowever, to notice 
the investigatioDS relating to the bursting of steam-boilers, of 
which be was the priocipal director. The public mind bad, at 
that epoch, been eo frequently and painfully called to this subject 
that the institute was induced to organize a scries of systematic 
researches in regard to it, the importance of which was soon 
recognized by the General Government in the form of an appro- 
priation for defraying the attendant expenses. In the prosecu- 
tion of these inquiries a lai^e amount of information relative to 
explosions, and suggestions aa to their causes, was Grst collected 
by correspondence, and on this was based a series of well-devised 
experimentB, which were executed with signal address, and the 
results interpreted with logical discrimination. The conclusions 
arrived at were embodied in a series of propositions, which, after 
a lapse of more than thirty years, have not been superseded by 
any others of more practical value. The most frequent cause of 
explosion was found to be the gradual beating of the boiler beyond 
its power of resistance ; and next to this, the sudden generation 
of steam by allowing the water to become too low, and its subse- 
quent contact with the overheated metal of the sides and other 
portions of tbe boiler. The generation of gas from the decompo- 
sition of water as a cause of explosion was disproved, as was also 
the dispersion of water in tbe form of spray through superheated 
steam. These experiments were not unattended with danger, and 
required, in their execution, no small amount of personal courage. 
Accidents were imminent at almost every stage of the investiga- 
tion; and in some instances explosions were produced which 
alarmed the Dcigbborbood. So true is it that in the pursuit of 
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science dangers are ofteDtimea voluntarily eacouutcred, electing 
no legs courage or firmness of nerve ttiau that wliicli aaimates the 
warrior in the more conspicuous but scarcely more important 
conflicts of the battle-field. 

The attention of Mr. Bache at this period was not exclasivcly 
devoted to his labors in connection with the Franklin Institute. 
He was also a member of the American Philosophical Society, 
and, as such, in association with Hare, Espy, and others interested 
in the pursuit of various branches of physics and chemistry. Ho 
erected an observatory in the yard of his dwelling, in which, with 
the aid of bis wife and of his former pupil, John F. Fraser, he 
determined with accuracy, for the first time iu this country, the 
periods of the daily variations of the magnetic needle, and by 
another series of observations the connection of the fitful varia- 
tions of the direction of the magnetic force with the appearance 
of the anrora borealis. 

Again, in connection With bis friend, Mr. Espy, he made a 
minute survey of a portion of the track of a tornado, which visited 
New Brunswick, in New Jersey, on the 19th of June, 1835, and 
from the change of place and relative position of the trees and 
other objects, as left by the wind, he succeeded in establishing 
the fact, in accordance with the hypotheses of Mr. Espy, that the 
effects of the storm were due to an ascending and progressive 
column of air, by which all objects within the influence of the 
disturbance, on either side the track, were drawn inward, and not 
due, as had been supposed, to a horizontal rotation at the sur- 
face, which would tend to throw them outward by centrifugal 
projection. In co-operation with Professor Courtenay, he also 
made a series of determinations of the magnetic dip at various 
places in the United States. Indeed, terrestrial magnetism was 
with him a favorite subject, to which he continued to make valu- 
able contributions at intervals during his whole life. The phe- 
nomena of heat likewise engaged mnch of his attention, and he 
was the first to show, contrary to generally-received opinion, that 
the radiation and consequent absorption of dark heat is not affected 
by color. His investigations in this line were suddenly brought 
to a close by an accident, which we may be allowed to mention 
as furnishing an illustration of his self-control and considerate 
regard for the feelings of others. After an expenditure of money 
which he could ill afford, and of time withdrawn from the hours 



iized by Google 



ALXXANDER 

due to repose, he bad procured and arranged on a stand a serieB 
of delicate iustniments intended for a long-meditated esperiment 
oa radiant beat. Dnriog bis temporary absence hia motber, in 
hnrriedly passing ttiroogh the apartment, accidentallj caught in 
her dresa the eapport of the apparatus and brought the whole to 
the floor, a mass of mingled fragments. The author of this dis- 
aster was BO painfully affected hj the destmction, of which she 
had been the uoiatentional cause, as to be obliged to leave to hia 
wife the task of breaking the unwelcome tidings to her son. On 
receiving the information, he stood for a moment, perfectly silent, 
then harried out into the open air to conceal bis emotion and 
tranquilliie his feelings. After a short interval he returned, calm, 
affectionate, and apparently cheerful, and neither by word nor 
look gave any indication of the pain and disappointment he had 
so severely experienced. 

It should not be forgotten that the labors to which xre bare 
allnded were performed in hours not devoted to his regular duties 
as a professor in the University. To these be was obliged to give 
three hours a day, besides other time to the preparation of illua- 
tratioDB for his lectures, while several evenings of the week were 
claimed by committees of the Franklin Institute and the Philo- 
sophical Society. He was enabled to execute these multifarious 
labors by a division of bis time into separate periods, to each of 
which was allotted its special occnpation. By a rigid adherence 
to this system he was always prompt in his engagements, was 
never hurried, and fonnd time, moreover, to attend to tbe claims 
of friendship and society. He was a zealous and successful 
teacher, to whom the imparting of knowledge was a source of 
nnalloyed and inexhaustible pleasure. His pupils could not fail 
to be favorably impressed by his enthusiasm and influenced by 
his kindness. He always manifested an interest not only in their 
proBciency in study, but also in their general welfare. They re- 
garded him with affection us well as respect, and while in other 
class-rooms of the University disorder and insubordination occa- 
sionally annoyed the teachers, nothing was to be witnessed in his, 
but earnest attention and gentlemanly deportment. 

His success as an instructor affords a striking confutation of 
the fallacy which has not nnfrequently been advocated in certain 
quarters, that men devoted to original research and imbued with 
habits of mind which it generates are not well quallGed for tbe 



iized by Google 



NATIONAL ACADEMY OF SCIENCES. 

ofBce of instructors. So far is the proposition from baring any 
foundation in fact, tliat it is precisely among tlie most celebrated 
explorers of ecience of the present century that the most snccess- 
ful and noted teachers have been found. In proof of this the 
illustrions names of Priestley, De Candolle, Dal ton, Davy, Oersted, 
Faraday, and a host of others, immediately occnr. At the same 
time it cannot be denied that it is questionable economy to devote 
to the drudgery of drilling youth ia the elements of knowledge, 
a mind well qualified by nature and training to enlarge tUe 
boundaries of thought and increase the stores of knowledge. But 
it is equally clear that the practice of teaching is, to a certain 
eztent, not iucompalihle with the leisure and concentration of 
miud requisite for original research ; that the latter mast, in fact, 
act beneficially alike ou the iQEtructor and instructed; the former 
gaining in clearness of conception in the appreciation of the new 
trntha he is unfolding by imparting a knowledge of their character 
to others, while the latter catch, by sympathy, a portion of the 
enthusiasm of the master, and are stimulated to exertions of 
which they would otherwise be incapable. 

lu 1836, when Professor Bache had just attained the thirtieth 
year of his age, his attention and energies received a new direc- 
tion, constituting, as it were, a new epoch in his life. This 
change was caused by a movement on the part of the trustees of 
the Girard College for Orphans, an institution muniBceotly en- 
dowed by a benevolent citizen of Philadelphia. Preparatory to 
organizing this institntioa it was thought desirable to select a 
suitable person as president, and to send him abroad to study the 
systems of education and methods of instruction and discipline 
adopted in Europe. The eyes of the entire community were 
with one accord directed to our professor as the proper man for 
this office. He had, however, become enamored with the pursuit 
of science, and it was with difficulty that ha could bring himself 
to regard with favor a proposition which might tend to separate 
him from tiiis favorite object. The consideration of a more ex- 
tended field of usefulness at length prevailed, and he accepted, 
though cot without some lingering regret, the proffered position. 
Ko American ever visited Europe under more favorable circum- 
stances for becoming intimately acquainted with its scientific and 
literary institutions. His published researches had given him a 
Euro])cau reputation, and afforded hira that ready access to the 
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intelligent and inSueiitial classes of society which is denied the 
traveller whoB« ooly recommeudatioQ is the posaeesion of wealth. 
It canaot be doubted that he was also &vored in tiiis respect by 
the admiration which in Europe still attaches to the name of his 
renowned ancestor.' He was everywhere received with marlsed 
attention, and from bis moral and intellectual qualities did not 
fail to sustain the prepossessions in his favor and to secure the 
friendship and esteem of the most distinguished savants of the 
Old World. 

He remained in Europe two years, and on his return embodied 
the results of his researches on education in his report to the 
trustees of Oirard College. This report forms a large octavo 
volume, and is an almost eKhaustive exposition of the scholastic 
systems and methods of instruction in nsc at the time in England, 
France, Prussia, Austria, Switzerland, and Italy, It has done 
more, perhaps, to improve the theory and art of education in this 
country than any other work ever published j and it has eETected 
this not alone by the statement of facts derived from observation, 
but also by the inferences and suggestions with which it abounds. 
The accounts which are given of the different schools of Europe 
are founded on personal inspection ; the results being noted down 
at the time with the writer's hahitual regard to accuracy. 

After completing his report he was prepared to commence the 
organieatiou of the Oirard College, but the trnstees, partly on 
account of the unfinished condition of the building, and partly 
from a delay in the adjustment of the funds of the endowment, 
were not disposed to put the institution into immediate operation. 
In the mean time Professor Bache, desirous of rendering the in- 
formation he bad acquired of immediate pi'actical use, offered bis 
services gratnitously to the municipal autborilics of Philadelphia, 
to o^^nize, on an improved basis, a system of public education 

< The force of tliii sentiment waa qaainti; bnt atronglj marked bj a 
slight iuddent which ooonrrpd when he niiB in OemiBDy. An elderly 
savant, on being introdnced, clasped him in hia arms, sainted him iritli a 
kiss on either cheek, and greeted bim with tiie ezolamation, " Hein Qolt, 
now let me die, ainoe I liave lived to see with mine own eres an emana- 
tion of tlie gnat Franklinl" This oompilment was perhaps more Sntter- 
lof than agreeable, tinoe the old prorpseor In qnettion wan wont, after the 
fashion of his day, to atimolale hla lagging facnititia by frequent and pro- 
fuse eztraoUoQa from the snnS-box. 

191 
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for that city. This offer was gladly accepted, and he coiuineDced 
tlie work with his usual energy and with the cordial sn^^ort of 
the directora and teachers of the cooimoD echools. At the eod 
of the year, findiDg that the trustees of the college were etill 
unprepared to open the institution, he relinquished the salary, 
but retained the office of president, and devoted his time mainly 
to the organization of the schools. He was now, however, induced 
to accept from the city, as the sole and necessary means of his 
support, a salary much less than the one he had relinquished. 
The result of his labors in regard to the schools was the estab- 
lishment of the best system of combined free education which 
bad, at that time, been adopted in this country. It has since 
generally been regarded as a model, and has been introduced aft 
Bach in different cities of the Union. 

Id 1842, having comfdeted the organization of the schools, 
and Qirard College still remaining in a stationary condition, he 
resigned all connection with it, and, yielding to the solicitations 
of the trustees of the University, returned to his former chair of 
natural philosophy and chemistry, in order that he might resnme 
the cultivation of science. Not that it ia to be inferred that in 
his devotion to the advancement of education he had relinquished 
or deferred the ecientific pursuits to which the habit of his mind 
and the bent of his genins continaallj impelled him, for during 
his travels in Europe be had been careful to provide himself with 
a set of portable instruments of physical research, and, as a relief 
from the labors imposed by the special object of his mission, he 
instituted a connected scries of observations at prominent points 
on the Continent and in Great Britain, relative to the dip and 
intensity of terrestrial magnetism. These observations were made 
with the view of ascertaining the relative direction and strength 
of the magnetic force in Europe and America, by the comparison 
of parallel series of observations in the two countries with the 
same instruments. They also served, in most instances, to settle 
with greater precision than had previonsly been attained the 
relative magnetic condition of the points at which they were 
made. 

Though the denization of the schools of such a city as Phila- 
delphia might seem sufficient to absorb all his euei^y and self- 
devotion, yet even in the midst of this labor we find our late col- 
league actively co-operating iu the great enterprise of the Sritish 
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Aesoctation to Oetennine by contemporaneoDS observations, at 
widely separated points, the fluctaatioDB of the magnetic aud 
meteorological elements of the globe. This co-operation, in which 
no doubt a feeling of natiooal pride mingled itself with his ardor 
for the advancement of science, consisted primarily in the entab- 
lishment of sd observatory, to which the trasteea of Girard Col- 
lege coDtribated a full series of instruiuents, corabiniog all the 
latest improvemeiits, aod which was supported by the American 
Philosophical Society, and a unmber of liberal and iutelligent 
individuals. The observations which were here continued at 
short intervals, both by day and night, for five years, form a rich 
mine of statistics, from which, ontil within the last few years of 
his life, the professor drew a highly interesting series of results, 
without exhausting the material. In addition to tbese observa- 
tions, he made during bis sommer vacations a magnetic survey 
of Pennsylvania, 

He was not destined to remain long in bis old position in the 
Fniversity. Before he had become fairly settled in it and had re- 
newed his familiarity with its duties, he was called in Ifovember, 
1843, on the occasion of the death of Mr. Hassler, Saperinteudent 
of the United States Coast Survey, to fill the important sphere of 
public duty thus rendered vacant. His appointment to this posi- 
tion was first suggested by the members of the American Philo- 
sophical Society, and the nomination fully coacnrred in by the 
principal scientific and literary institutions of the country. In 
this movement he himself took no part, and indeed regarded the 
position as one not to be coveted ; for while it opened a wide 
field for the exercise of talent and the acquisition of an enviable 
reputation, it involved responsibilities and presented difficulties 
of the gravest character. Professor Bache was not one of those 
who, abounding in self-confidence, imagined themselves equal to 
every exigency, or who seek the distinctions and emoluments of 
oEBce without any regard to the services lobe rendered or the 
duties discharged. On the contrary, though early and continued 
success must have tended to increase his self-esteem, each new 
position to which he was called was entered upon with feelings 
of solicitude rather than of exaltation. He rightly judged that 
the proper moment for self-congratulation is not at the beginning 
of an arduojis and precarious enterprise, but at the time of its full 
and successful accomplishment Nor can it be necessary to add 
IS "3 
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that this characteristic contributed largely to his success. Id 
civil service as in the camp, the leader to whom all look with 
confidence is not he who, with blind and arrogant self-reliance, 
disdains caution as nnworthy of courage, bat be wfao, sensitively 
alive to the dangers to be encountered, exerts every faculty in 
calling to his aid every resource which may tend to secure victory 
or facilitate retreat. 

With whatever misgivings Professor Bache may have under- 
talien the task to which he was assigned, tt may he truly said 
that no living man waa ho well qualified as himself to secure the 
results which the nation and its commercial interests demauded. 
Hie education and training at West Point, hia skill in original 
investigations, his thorough familiarity with the principles of 
applied science, liia knowledge of the world, and his gentlemanly 
deportment, were all in a greater or less degree essential elements 
in the successful prosecution of the survey. It would appear 
as if the training and acquisition of every period of his life, and 
the development of every trait of his character, had been specially 
ordained to fit him in every respect to overcome the difficulties of 
this position. Besides the qualifications we have enumerated, ha 
possessed rare executive ability, which enabled him to govern 
and guide the diverse elements of the vast undertaking with con- 
summate tact and skill. Quick to perceive and acknowledge merit 
in others, he rapidly gathered around him a corps of men emi- 
nently well qualified for the execution of the tasks to which he 
severally assigned them. 

The Coast Survey had been recommended to Congress by 
President Jefferson as early as 180T, but it was not until ten years 
afterward that the work was actually commenced, under the 
Superintendence of Professor Hassler, an eminent Swiss engineer, 
whose plans hod been previously sanctioned by the American 
Philosophical Society. Though the fundamental features of the 
survey bad been established on the most approved scientific prin- 
ciples, yet bo frequent were the changes in the policy of tbe 
government, and so limited were the appropriations, that even 
up to the time of Professor Bache's appointment, in 1843, little 
more than a beginning had been made. Tbe survey, so far as 
accomplished, extended only from New York Harbor to Point 
Judith, on tbe east coast, and southward to Cape Henlopen. 
The new Superintendent saw the necessity of greatly eularging 
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the plan, bo as to embrace a much broader field of simultaneous 
labor than it bad previoasly iQcluded. Be divided the whole 
coast line into sectioDs, and organized, under separate parties, 
the essential operations of the survey simultaneously in each, 
fie commenced the exploration of the Gulf Stream, and at the 
same time projected a series of observations on the tides, on the 
magnetism of the earth, and the direction of the winds at dif- 
ferent seasons of the year. He also instituted a succession of 
researches in regard to the bottom of the ocean within soundings, 
and the forma of animal life which are foand there, thus offering 
new and unexpected indications to the navigator. He pressed 
into service, for the determination of the longitude, the electric 
telegraph ; for the readj reproduction of charts, photography ; 
and for multiplying copper-plate engravings, the new art of 
electro typing. In planning and directing the ezecation of these 
varied improvements, which exacted so much comprehensiveness 
in design and minuteness in detail. Professor Bache was entirely 
Buccessfdl. He was equally fortunate, principally tbrongh the 
moral influence of his character, in impressing upon the govern- 
ment, and especially upon Congress, a more just estimate of what 
such a survey required for its maintenance and creditable prose* 
cution. Not only was a lately -increased appropriation needed 
to carry ont this more comprehensive plan, but also to meet the 
expenses consequent upon the extension of the shore-line itself. 
Onr sea-coast, when the survey commenced, already exceeded in 
length that of any other civilized nation, but, in 1845, it was 
still more extended by the annexation of Texas, and again, in 
1848, by our acquisitious on the Pacific. Professor Bache was 
in the habit of answering the question often propounded to him 
by members of Congress, " When will this survey be completed ?" 
by asking, "When will you cease annexing territory?" a reply 
not less significant at the present day than when it was first 
given, and which may continue long to bo applicable under the 
expansive tendencies of our national policy. 

When Professor Bache toot charge of the survey, it was still 
almost in its incipient stage, subjected to misapprehension, as- 
sailed by unjust prejudice, and liable, during any session of Con- 
gress, to bo suspended or abolished. When he died, it had 
conquered prejudice, silenced opposition, and become established 
on a firm foundation as one of the permanent bureaus of the 
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executive OoveromeDt. The importance of the work, which was 
alwaja highly appreciated by the mariner, became etrilciogly 
obfioua to the general public tbroagh the service which it ren- 
dered during the late war, in furaiBbing accurate charts and 
sailing directions for the guidance of our squadrons along the 
southern coast. Not was this alone ; an active participation was 
also borne by the officers of the survey in the attack of tJie United 
States Navy on Sumter, Port Royal, Fort Fisher, Mobile, New 
Orleans, and other strongholds, while constant aid was rendered 
by them in the navigation of the inlets and cbannela, and in tbe 
avoidance of hidden rooks or sboala with which none could be 
more minntely acquainted. Though the vajae of the survey was 
signally conspicuous on these occasions, it needs but little reflec- 
tion to be convinced of its essential connection with the general 
prosperity of the country. Whatever diminisbea the danger of 
departure from or an approach to our shores liicilitates commerce, 
and thus renders morevaluabletheprodnctaofonr industry, eves 
in portions of our land most remote from the sea-board. But the 
survey should not be viewed alone in its economical relations, 
since, as an cnligliteaed and libera) people, we owe it to tbe great 
community of nations and the cause of humanity to supply the 
world with accurate charts of our precarions coast, as well as to 
furnish it with all the other aids to safer navigation which the 
science and experience of tbe age may devise. 

Professor Bache, with bis enlightened appreciation of the value 
of abstract science, kept constantly in view the various problems 
relative to the physics of the globe, which are directly or even 
incidentally connected with the survey of the coast, and ever 
cherished tbe hope of being permitted to complete his labors by 
their solution. Among these was a new determination of tbe 
magnitude and form of the earth, and tbe variations in the in- 
tensity of terrestrial gravity &t various points on the continent 
of North America; the discussion of tbe general theory of the 
tides; the magnetic condition of the continent ; and the improve- 
ment of the general map of the United States, by determining 
its relation to the coast line, and the precise geographical posi- 
tions of the most important points in the interior. Though his 
hopes in regard to these problems were not destined to be real- 
ized by himself, fortunately for the cause of science they have 
been left in charge of a successor in tbe person of his ardent 
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&iend and collaborator, Profeasor Peircc, to whose geoias and 
iadostry we may confidently look for that full exposition of the 
work which, while it entitles him to the highest approbation of 
the scientific world, wilt render ample justice to the labors and 
sagacity of his lamented predeoeeeor. 

Besides baring charge of the Coast Survey, Professor Bach« 
was Superintendent of Weights and Measures, and in the exer- 
cise of this function directed a series of investigations relative to 
the collection of excise duties on distilled spirits, and likewise 
superintended the construction of a large number of sets of stand- 
ard weights and measures for distribution among the several States 
of the Union. He was also appointed one of a commission to 
examine into the condition uf tlie lighthouse system of this coun- 
try, and to report upon any improvements calculated to render it 
more efficient. In the invesligatioas pertaining to this subject, 
involving, as they do, a knowledge of a wide range of applied 
science, he took a lively interest, and rendered important servica 
in the organization of the admirable system which was adopted 
»nd still remains in operation. This commission of investigation 
was afterward merged in the present Lighthouse Board, of which 
be continued a member until the time of his death. 

In 1846 be had been named in the act of incorporation as one 
of the Regents of the Smithsonian Institution, and by successive 
reelection was continued by Congress in this office nntil bis death, 
a period of nearly twenty years. To say that he assisted in shaping 
the policy of the establishment would not be enough. It was 
almost exclnsirely tltrougb his predominating influence that the 
policy which has given the institation its present celebrity was, 
after much opposition, finally adopted. The object of the dona- 
tion, it will be remembered, had been expressed in terms so con- 
cise that its import conid scarcely be at once appreciated by tiie 
general public, though to the cultivators of science, to which class 
Smithson himself belonged, the language employed failed not to 
convey clear and precise ideas. Out of this state of things it is 
not surprising that difference of opinion should arise respecting 
the proper means to be adopted to realize the intentions of the 
founder of the institution. Professor Bache, with persistent firm- 
ness, tempered by his nenal moderation, advocated the appropri- 
ation of the proceeds of the funds principally to the plan set forth 
in the first report of the Secretary, namely, of encouraging and 
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BDpporliDg original research in the different branches of science. 
Uufortnnatel; this policj could only be putially adopted, on ac- 
count of the restrictioDB of the enactment of Congress, b; which 
profisioa was to be made for certain specified otgecte. He Btren- 
uonslf opposed the contemplated expenditure of a moat dispro- 
portionate sum in the erection and maintenance of a costlj edifice ; 
but failing to prevent this, he introduced the resolution adopted 
by the board as a compromise, whereby the mischief which he 
could not wholly arert might at least be lessened. This resolu- 
tion provided that the time of the erection of the building should 
be extended over several years, while the fund appropriated for 
the purpose, being in the mean time invested ia a safe and pro- 
ductive manner, would serve in some degree to counterbalance 
the effect of the great and unnecessary outlay which bad been 
resolved on. It would be difficult for the secretary, however un- 
willing to Intrude anything personal on this occasion, to forbear 
mentioning that it was entirely due to the persuasive influence 
of the Professor that he was induced, almost against hia own bet- 
ter judgment, to leave the quiet pursuit of science and the con- 
genial employment of college instruction to assume the laborious 
and responsible duties of the office to which, through the partiality 
of friendship, he had been called. Nor would it be possible for 
him to abstain from aclcnowledging with heartfelt emotion that 
he was from first to last supported and sustained in his difficult 
position by the fraternal sympathy, the prudent counsel, and the 
unwavering friendship of the lamented deceased. 

His demeanor in the board was qniet and unobtrusive, and his 
opinions sought no sapport in elaborated or premeditated argu- 
ment; but wheu a topic likely to lead to difficulty in discussion 
was introdnced, he seldom failed, with that admirable tact for 
which he was always noted, to dispose of it by some sn^estion 
so judicions and appropriate as to secure ready acquiescence and 
harmonious action. The loss of such a man in the councils of 
the Institution, when we consider the characteristics which it has 
been our aim to portray, must, indeed, be regarded as little less 
than irreparable. 

As a vice-president of the United States Sanitary Conuoisrion 
his influence was felt in selecting proper agents, and su^^sting 
efficient means for collecting and distributing the liberal contri- 
butions offered for ameliorating the condition of our soldiers 
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dnring the war. Bat the Bervices which be rendered the Gorem- 
meot daring the recent struggle were not conGoed to thia agency, 
or to the immediate operatiooB of the Coast Surrey. He was 
called into consaltations to discuss plans of attack on the part 
of the Navy, and for its coAperation with the Army. He acted 
also as a member of a commission to which various projects, pro- 
fessing to improve the art of war, were referred, and in this 
capacity it is not too much to say that hia judicioos counsel con- 
tributed to save the Government millions of dollars by preventing 
the adoption of plausible though impracticable propositions from 
which nothing but failure and loss coald have reanlted. 

One of the last acta of his life was an exempliS cation of the 
devoted affection which be bad always borne to his native city, 
whither it was his cherished intention to return when he should 
be at last released from oEBcial doty. At the request of the Go- 
Tomor of Pennsylrania, although overtrhclraed with other public 
labors, he planned lines of defences for Philadelphia, aud to a 
certain extent personally saperintcoded their conBtructiou. TJn- 
eccnstomed for many years to direct exposure to the sun, thia 
work proved too much for his physical strength and brought on 
the first indications of that malady which terminated his life. 
Thoogh apparently of a vigorons constitution, and capable, nnder 
the excitement of otBcial life, of bearing an uiiuFual amount of 
bodily fatigue, yet he was subject at intervals to " sick headache," 
a disease which seems to have been hereditary, and which perhaps 
conspired with other causes in terminating his usefbl and distin- 
guished career. Previons to the war he bad spent the warmer 
part of each summer in a tent, at some point of the primary tri- 
•ogalation of the survey, whence he directed the varioas parties 
in the field by correspondence ; and as the point was usually at 
the top of a mountain, or at some elevated position, from which 
other stations of the survey could bo seen, he did not want for 
invigorating air. With this, and the exercise of measuring an- 
gles, he laid in a store of health safficient to enable him to carry 
on without interraption the ardaons duties of the remaining por- 
tion of the year, Bnt after the commencement of the war his 
presence was continually required in Washington to give advice 
and information as to military and naval operations, and to attend 
the meetings of the scientiBc commission to which we have pre- 
Tionsly referred. He was, therefore, no longer able to avail him- 
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self of tho recuperating inflaeace of mountaia air, and ia rieir 
of tliis his valaable life may be said to liare beeD one of the 
sacrificea offered for the preservatioa of tlie UnioD. The first 
iudicatioDB of the inBidious disease which gradually sapped the 
citadel of life were iiDmbaeas in the fingers of his right haod, and, 
on one occasion, for a short time only, loss of memory. Though 
these symptoms gave bim some uneasiness, they did not diminieti 
bis exertions in the line of bis duty. Other symptoms, however, 
exhibited themselves, which, tbongh awaking anxiety, did not 
much alarm his friends, nntil be was suddenly deprived, in a con- 
Biderable degree, of the power of locomotion and of the expression 
of ideas; the result, it was supposed, of a softening of the brain. 
But though the power of expression was paralyzed, his memory 
appeared to retain all the impressions of the past, and he evi* 
dently took much pleasure in having recalled to him scenes and 
events of years gone by. For several months ha was very ansious 
as to the business of the Coast Survey, and it was with difficulty 
he could be restrained from resuming in full the duties of his 
oEBce ; but, as the malady increased, bis perception of external 
objects diminished. He took less and less interest in passing 
events, and finally seemed to withdraw his attention from the 
exterior world, with which he almost ceased thenceforth to bold 
any active communication. It was hoped that a voyage to Eu- 
rope, throngh the excitements of shipboard and the revival of old 
associations, would be of service to him ; bnt, notwithstanding an 
occasional manifestation of his wonted spirit of social and intel- 
lectual enjoyment at the encounter of a friend of former tiroes or 
distinguisbed associate in the walks of science, be returned from 
a sojourn abroad of eighteen months without having experienced 
any permanent abatement in the progress of bis malady. He 
lingered for a short time longer, and finally resigned his breath 
at Newport, Rhode Island, on the ITth of February, 1867, in the 
sixty-first year of bis age. 

It would be impossible to name an American distingnished on 
purely scientific grounds to whom the enlightened sentiment of 
bis own countrymen and of foreign nations has awarded more 
emphatic marks of admiration and esteem. The degree of 
Doctor of Laws was conferred on him by the principal universities 
of this country, and few of our leading societies were willing to 
forego the honor of numbering bim among their associates. He 
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was elected in sacceBsioQ president of the American Philosophic^ 
Society, of the Americaa Aesociation for the AdraDcemcDt of 
Science, and of the National Academy of Sciences establiehed 
by Congress. Nor were foreigners less forward in acknowledging 
his merit. He waa a member of the Royal Society of London, 
of the Imperial Academy of Sciences at St. Fetersbarg, of the 
Institute of France, the Royal Society of Edinburgh, the Royal 
and Imperial Geographical Society of Vienna, the Royal Academy 
of Turin, the Mathematical Society of Hamburg, the Academy 
of Sciences in the Institute of Bologna, the Royal Astronomical 
Society of London, and of the Royal Irish Academy of Dublin. 
In addition to tbeee testimonies of appreciation, soTeral medals 
were awarded to him by foreign goTernraeuts for his distingniahed 
services in the Coast Surrey and in the cause of ecience generally. 

The life we hare here sketched is eminently suggestive, both 
from a philosophical and a practical point of view. It presents 
an unbroken series of successful efforts, with no interruptions in 
its sustained and constantly ascending course ; all parts follow 
each other in harmonious continuity; and not only is each stage 
of its progress in advance of the one which preceded it, but it 
flimisbes the means of education for that which succeeded. It is 
not merely curiosity, laudable as that might be, but a sense of 
the importance of the inquiry, which prompts us to ask, What 
were the mental and moral characteristics of the mind which pro- 
duced such results t And we say intentionally, the mind which 
produced these reeulU, for although it be true that accident has 
in many cases a determiniog inflnence on the fortunes of an in- 
dividual, it will be clear from what precedes, or we shall have 
greatly failed in the task which we proposed to ourselves, tbat 
the element of casnalty had but little to do with the saccesa which 
crowned the life to which the question at present relates. 

From long acquaintance with him and critical study of the 
events of his life, and the distinctive manifestations of his moral 
and intellectual nature, we ventnre, though not without hesitation, 
to present the following analysis of the character of one who has 
performed so conspicuous a part, and in whose memory bo many 
are deeply interested. 

Alexander Dallas Bache possessed, or we may perhaps say 
originally inherited, a mind of strong general powers, with no 
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facnltjr in excess or in deficiency, but, as a, whole, capable of 
nnuBnal expauBion or development in any direction which eariy 
training or the edacatjon of life might determine. He also pos- 
sessed strong passions, which, instead of ezerting an unfavorable 
effect on bis character bj their iadulgence, became, under the 
restraining influence to which they were in due season subjected, 
s reserved energy, as it were, ready to manifest itself epontane- 
. ouslj and at any time in the vindication of truth and justice. He 
was likewise endowed with a power of will which, controlling 
all his faculties and propensities, rendered them subserrient to 
those fixed purposes which had once received the sanction of his 
deliberate judgment. Eminent also among bis characteristics, 
and perhaps most conspicaous of all, was the social element of 
refined humanity, a regard for his fellow-man, which craved as an 
essential want of his nature fratemal sympathy, not only with 
those within the wide circle of his daily associations, but with 
those from whom he could espect no reciprocation of the senti- 
ment, the entire brotherhood of mankind. These characteristics, 
with a nice preception of right and a conscieuce always ready to 
enforce its mandates, are, we think, sufficient to explain the re- 
markable career we have described. 

They were perhaps indicated by himself, thaogh with an ad- 
mission not to be accepted without some reserve, in a conversa- 
tion with the writer of this sketch in reference to his entrance at 
West Point. "I knew," he said, "that I had nothing like genius, 
but I thought I was capable by hard study of accompliahiog 
something, and I resolved to do my best, and if possible to gain 
the approbation of the teachers, and, above all, to make myself 
loved and respected by my classmates." 

To illustrate the progressive development of the individual 
traits of his character, we may be allowed to dwell for a momeot 
on a few analytical details. The early period of his life, including 
that which preceded his first call to Philadelphia, was almost 
wholly devoted to the improvement of the mechanical, or the 
"doing" faculties of his mind, and bnt little attention was given 
to invention, or the exercise of original thought. His final 
examination at the Academy, perfect as it was in its kind, only 
exhibited his capacity for the acquisition of knowledge, not the 
power to originate or apply it. When his efforts were first turned 
in the latter direction, he evinced, as I well remember, no especial 
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aptitade for it that woold indicate fiitare snccees; bat in a abort 
time, and under the stimnlns of tbe aseociatJonB into wliicb be 
was tbrowQ in Pbiladeiphia, the faculties of iare8tij>ation and of 
generalisation were rapidly developed, and, bad he not bees 
partially turned aside from sucb purenits, I doubt not that be 
would hare still more highly disthigiiished himself in the Hue of 
ezperimeDtal research. Again, the change in the circnmstauces 
and relations of his life produced by his election to the presidency 
of Qirard College introduced him to a familiarity with an entirely 
new class of ideas, which served to exercise and expand another 
faculty of his mind, that, namely, which obeerveg and appreciates 
moral truths, though without impairing his aptitude for physical 
research. In like manner, his foreign miasion with reference to 
popnlar education, by bringing him into intimate and friendly 
association with minds of tbe first order in the principal cities 
of Europe, afforded htm an opportunity for enlarging tbe sphere 
of bis sympathies, as well as of studying men under a great 
variety of social and mental pecnliarities. 

Again, bis long residence and high social position at the seat 
of Government, his intimate acqnaiotance and friendly intercourse 
with statesmen and politicians, imbued him with a tborongh 
knowledge of tbe working of tbe Government, snch aa few have 
ever possessed, while his exertions to sustain the Coast Survey 
and improve its condition served to call into active operation his 
power to appreciate character, to discern motives, and, therefore, 
to convince, persuade, and control men. £is ability in this latter 
respect was remarkable ; a personal interview with an opponent 
of the survey scarcely ever failed to convert perhaps an active 
enemy into an influential friend. His success in this respect 
often astonished those who frequently harassed Congress with 
propositions covertly designed to promote their own interest at 
the expense of public utility; hence the exclamation was not 
unfrequently heard, "Bache is certainly a voaderfnl manager." 
If that which is unusual constitutes an element of wonder, then 
the exclamation was not without truth, though not in the sense 
of those by whom it was uttered, for be never advocated any 
measure that was not just, expedient, and proper, either as con- 
cerned the interests of tbe country or tbe welfare of his species. 

On the whole, if we would seek the real secret of hie influence 
over his fellow-men, it would be found, no doubt, to have con- 
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eieted in the singular abnegstion of eelf which pervaded bis whale 
conduct; his great practical wisdom, hie honesty of purpose, and 
his genial though qaiet and anobtrusiTe manner. In the exercise 
of these cbaracteristica, he was so far from the least appearance 
of dissimalation, that no one erer approached him without feeling 
that it was equally impossible to doobt the purity of his intentions 
as it was to elude the penetration of his qaiet bat thorongh 
ecratiny. His calmness served as a shield from within and 
without; and as & guard against himeelf as well as a protection 
against Others. It enabled him to weigh the motives and obiservo 
the character of those who consnlted him with the view of eecurr 
ing his influence or gaining his patronage. His genial nature 
enabled him to descend gracefully from the heights of science 
and to enter fully and frankly into the feelings of any company 
with which he might be thrown. In this he was aided by a play- 
fulness of fancy and a quiet hnmor which banished any reserve 
that might have been produced by a knowledge of his superior 
talents and attainments. He was, though by no means gilled 
with those attractions of person which influence at first sight, & 
favorite with all i^es, and particularly with the sex whose dis- 
crimination of character is said to be least fallible. It seems 
almost Bupcrfluons to say of snch a man that his friendship was 
open end uuviravering, that his confidence once bestowed could 
be Bhakea by no mere difference of opinion or conflict of personal 
interests. Severe to himself under the responsibility of duty, 
and in the punctual observance of his engagements, his indul- 
gence was reserved for the weak and the erring. Thongh his 
outer life was free from disappointments or rever s, and though 
he walked as it were in perpetual sunshine, all was not so within. 
Besides the anxiety and solicitude incident to the responsible 
duties of his position, occasions of trial and profound sorrow were 
not spared him. He was called to mourn the untimely loss of a 
beloved brother, who fell a victim to his zeal for the professor's 
service in the survey of the Gulf Stream ; of another brother, the 
youngest and last, also an officer of the Navy, and a general 
favorite, who was drowned on the coast of California; and lastly 
of a sister, whom he hod adopted and cherished as a child. In 
these seasons of affliction he found consolation in the steadfast 
convictions of religious faith. Nurtured in the forms and prin- 
ciples of the Episcopal Church, he was a devout worshipper in the 
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unctQELry, thoogh not bigoted in hia attachment to tbe pecaliar 
ordinances or tbat commanion. He full; recognized tbe anion 
of science and religion, and held with QQwarering coDBtancy the 
belief that revelation, properly interpreted, and science, rightly 
noderstood, mnat niiiniately join in perfect accord in reference to 
the great truths essential to the well-being of man. 

As an evidence of his high appreciation of atwtract science 
derived from original inreBtigation, he left his property in traat 
to the National Academy of Sciences, the income to be devoted 
to the prosecution of researcbea in physical and natural science 
by assisting experimentalists and observers, and the publication 
of the results of their investigations. 

I here close this imperfect sketch, in which I am conscious of 
having passed in silence many admirable traits of character and 
conduct, and of having very inadequately portrayed others, with 
tbe remark that, though onr companion and brother baa departed, 
hia worka and his influence still remain to us; tliat, sorrow as we 
must for his loss, yrt can still recall with pride and satisfaction 
the example he has left ua of all that, in heart, iu spirit, and in 
life, the true man of science ought to be. 



Tbe following is a list of the published scientific papers of 
Alexander Dallas Bache, copied from the appendix to an address 
by Dr. Benjamin A. Gould, before the American Association for 
the Advancement of Science, August 6, 1868: — 

1629— Feb. On tha Bpeoiflo liMt of the atoms of bodies. Journ. nUa. 

Acad. Nat. Sri., ri, 141. 
1S30 — Ma;. On tlis luflammatlon of phosplioms fa a partial vaonnm. 

Amor. Jeum. iSci., xvlit, 373. 
1831— Ifar. Repoit of tbe oonmittee of the Franklin InetKnta of Fenii' 

Bflvan I a, appointed Hay, 1829, toaaoertain b; experiment 

the value of water aa a moving power. Jaum. Frank. 

/rtrt., vH, 146; viil.li, I, eio. 
Ig31 — April. BaTety apparatus for Bteamboat«, being B oofflbinatlOD ofthe 

fusible metal disk witb Ibe common BBfety-Talve. Journ. 

Frantlin Inet., vii, 217; Amer. Journ. Sri., ii, 317, 
1831— Oot. Heteorologioal obeervattoDB daring the solar oolipse of Feb- 

mary 12, 1831. Tram. Amer. Phil. Soc, iv, 132. 
1832 — July. TranslatlOD of BerielinB'a Essay on Chenloal NomanolatnTe. 

Amtr. Jovnt. ScL, zxl[, 25B. PhUaddphia, 1832. 
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1832-Jiil/. 

1832-Oot. 
1632— Not. 
IS33— Mar. 

1833— July. 
183a-jBly. 



NATIONAL AOAD£MY OS BOI£NC£S. 



409. 



1834-001. 
1834— Hot. 



1834— Hot. 
183S— Jan. 



Alarm to be applied to tbe tnterlor flnei of stMun-boIlen. 

Juiim. Frankiin Iml., I, 21T. 
On the dlanul raristiDn ol the magnette needle. TVoMi 

Jjur. PUl. S»e^ V, 1. 
Blementarj view of tbe application of analTala to MdeaUen 

and refraction. An ftppendlx to Sir David BrewBter's trea- 
tise OD optioB. Pluladtipliia, 1333. pp. 95. 
Tranitation of Avogadio'B muiMir on tbe elMtlo force of tho 

Tapor of meroarT-. Amtr. Jottn. Sci., xxlr, 286. ' 
Kote of tbe effect upon the mftgnotio needle of the aurora 

borealla, visible at Philadelphia on the ITth of Hay, 1833. 

Joarn. Franklin Itut., xil, S ; Amtr. Jimn,, Sei., zzrli, 113. 
Attempt to Ox the date nf Dr. Franklin's obaerTation, tn 

relation to the northeast stomu of the Atlantio StatM. 

Jouni. FranilU /nil., zii, 300. 
Beport cf experiments on tbe navigation of the Chesapeake 

end Delaware Canal b; steam. Joum, Franklin Iiul., zii, 

361. 
ObserrationB on tha diBtnrbance in the dlreotton of the hori- 

lontal needle, daring tbe ocenrrenoe cf the anroraof JdI/ 

10, 1833. Jdhtr. Franilin hit. xiii, 1 ; Amtr. Jottm. Sei., 

uvli, lis. 
Beport of the mkDagen of the Franklin Inalitate, In relation 

to weights and measures. Presented in oomplianoe vith 

a resolntion of the Honse cf RepreaentativeB of the 6tat« 

of Peunsjlvanla. Joarn. Franklin Iiul., zlv, S; Pkiiadd- 
pkia, 1834. 

AnaljaiB of some of tbe ooaU of PennBflTBnia (made jointly 
with Professor H. D. Bogers). Joum. fliHa. Acad. Nai. 
Sci., Til, 1S8. 

On the Tariation of the magnetic needle. Arn^. Joum. Sei., 
zzvii, 385. 

Observations to determine tb* maguatio dip at Baltimore, 
Philadelphia, KeirYorfc, West Point, Providenoe, Spring- 
field, and Albany (made Jointly with Profesaor K H. 
Conrtenay). rroni. Anw. Phil. Soe., t, 209. 

Ueteorlc olMervaticna on and aboDt Nov, 13, 1834. Amer. 
Jmirn. Sci., xsvii, 335 ; Joum. Franklin Imt., zvi, 369. 

Note relating to the hardening of lime nnder water, by the 
action of carbonate of potastiDin, etc., and to tbe harden- 
ing of carbonate of lime in the air, by potaua and soda. 
Jour*. Frank. Init., zr, 9. 
SM 
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163fr— Uar. 

1835— IU7. 



183G— June. 
183B— July. 



1836— Jui. 

1838-Jmi. 



1636— Feb. 



ALEXAMIBB DALLAS BAOHM. 

U«t«DniUgteal obs«rT*tloiM mado duiog tlie boUt eollpso 
ot HoTember 30, ie34. ZVuu. Amer. Phii. Soc, v, 237. 

Bxpeilmenul UlostntiDna of the radiating aud absorbiag 
powers of anrfaoee for beat, ot the effeota ot transparent 
■areens, ot the oondaaUiig po>er of solids, etu. Jeurn, 
FmBklin Int., it, 303; Avar. Joan. Set., xzTlii, 320. 

Beplies to a oirenUi lu reUtioa to the ooaurreriae of on nn- 
ntnal meteorio display on the 13Ui ot Korember, sddreesed 
bj the Seorelary ot War to the military posts ot the Cnited 
States, with other facts relstiiig to the same qnesUon. 
Anar. JoMm. Sci., »Tilt, 305 ; Jour*. Fraallm Intl., zvi, 
14S. 

Experiments on the efBoaoj ot Ferklns's steam-boilers or 
oironUtors. J'Dum. Fraaklin Intl., xt, 379. 

Od the oomparatiTe oomMion of Iron, copper, tiuo, etc., hj 
a saturated solntiou of oommoa salt. Jaunt, Franklin 
Intt., ztI, 2. 

Inqairy in relation to the alleged inflnenoe of color on the 
radiation of noD-lumlDona heat. Jeura. Franklin liut,, 
xvi, 289; Amtr. Jon™. Sci., iii, 16. 

Historical notloe of a hjrpothesis to explain the greater quan- 
tity of rain whieh M\» on the snrbee of the gronnd than 
aboTe it. Jotmi. Franklin Irut., ztU, 106. 

ObserratiotiB npon the tacts reoentlj presented fay Protessor 
Olmsted In relation to meteors seen on the 13th of Novem- 
ber, 1834. Joum. Franklin Intl., xvli, 33 ; Amtr. Johtfi. 
Sci., uIz, 383. 

Historical note on the disoorerj of the non-conducting power 
ot ioe. Joara. Franklin hit., xvU, 162, 

Beport of experiments made bj the oommittee ot the Frank- 
lin Institnte of Pennsjlvania, on Ibe explosions of steam- 
boilere, at the reqaest ot the Treasnrj Department of the 
United BUtes. Joum. Franklin Intl., xrli, 1, 73, 14G, 217, 



Bemarks on a method, propoeed hj Dr, Thomson, for detei^ 
mining the propartions of potassa and soda in a mlxtnre 
of the two alkalies 1 with the application of a similar 
Invesligation to a different method of analysis. Joarn. 
Franklin Imt.,xvli,30&. 

183S — April. Notes and diagrams tUastratire ot the direolions of the forces 
acting at and near the surface of the earth, In different 
parts of the Bmnswick tornado of June 19, 183S. Tram. 
Am-r. Phil. Soc., t, 407. 

163G— UV. On the relative borlionUl intensities of terrestrial magnet- 
Ism at several plaoes In the United States, with the Inves- 
tigationa of oorreoUoni for temperatnre, and aomparlsons 
207 
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of the metLods o( Mclllatioii tu fall kdA lu isnlUd air 

(Joiutly with Proresaor B. H. Co<irt«M;). Tram. Amtr. 

/*t7. Soe., T, 427. 
1836 — Jnl;. Proposed fornii of diagrams for azhibttlog to Uie eje tli« 

resQlb cf » register of the direotiOD of the wind. Jaum. 

Franklin Inst., xvili, 22. 
1637 — Haj. Correaponding magoelie observations, in couneotion with 

Professor Lloyd of Dublin, to determlDe the relative mag> 

nefio Inteuiitj in PhiJadelpliia, DabliD, and Edinburgh. 

Proc. E. huh Acad., i. 71. 
1S3S— Aag. KoU on the effect of deQected ci 

of rain collected by a n 

Sci., 1838, il, 2B. 
1839— May. £apart on ednaatlOD In Enrope, to the tmstees of the Olrard 

College for Orphans. 8vo. pp. 66S. Fhiladelphia, 1839. 
1839 — Not. Comparison of Professor Loomia's obserralionB on mBgnrtia 

dip with those obtained bj Profesaor Coortenaj and him- 

self. Prac. Akut. Fkil. See., t, 146. 
1839 — Hot. Simnltaneons nsgnetlo obserTattonB, made in oorrespon- 

dencewith Professor Lloyd of Dublin. Proe. R-IrMAead,, 

i, 462; Anier. Journ. Sri., xli, 212. 
1840— Har. ObaerTations of the magnetio Intensity at twenty-one stations 

in Europe. Trans. Amtr. Phil. Soc, Til, 75 j Proc. Aatr. 

Phil. Soc, i, 185. 
1840 — Nor. Determination of the magnetio dip at Philadelphia and Bal- 
timore. Proc. Aatr. Phil. Sue., i, 294. 
1840 — Deo. On an Instrurnxnt for measuring the changes In the Tertloal 

component of the force of terrestrial magnetism. Proe. 

Amtr. Ft.a. Soc, 1, 311. 
1841 — Haj. Diagram of the direction and force of the wind, and amonnt 

and rata of rafn-fail during the severe gn^t of April 2, 

lfi41. Proe. Amtr. PSi7. Soc., ii, 68. 
1841 — July. On observations of the magnetio dip, made at Baltimore by 

Mr. Nicollet and Major Qroham. Proe, Amtr. Phil. Sac, 

ti, 83. 
1841 — Nov. Acooont of tbe formation of oomnlna cloud from the action 

of a fire. Prac. Amtr. Phil. See., ii, 116. 
1842— Mar. Semi-aonnal report of the principal of the High School, (ttd 

report to tbe oonlrollers of the public schools. Tteentg' 
/ourlh Annual Etport of Conlrollers of Pubtie Setools of 

Philadelphia, pp. 23, 60. 
1842 — April. On the applloattou of the self-regislering rain^auge to nf- 

isleriog the fall of snow. ftoc. Amtr. Phil. Soc., ii, 164. 
1842— July. Report of the principal of the Central High School for tha 

year ending Joly, 1842. Svo. pp. 120. Philadtlpkia. 
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1842— Oat. Add)«M deliTerwl *t the cloce of the twelfth exhiblUou of 
AmericM) mannftolores, liifid hj the Frankliu Inilitnte. 

1842 — Deo. On a modiflimtion of Lloyd's indaction Inclinometer. Proe. 
Avur. Phil. Soc., ii, 237. 

1S43 — Jan. Od ft new dev-pdnt hjgrometei. Proe. Amtr. PftiV. Sot., 
it, 249. 

1843 — M»7> BesnltH of tvo j«an' obBerralioiu of the magoetio eletnentd, 
and of the temperatare, pTeflanre, and moistora of the 
atmosphere at the magnetio obaervator/ of Qirard College. 
Proe. Amer. Phil. Soc., iii, 90. 

1843 — May. Aeoonot oF an instrntaent for detennining the oondDotiug 
power of bodiea for beat. Proe. Amtr. Phil. Soc, Iii, 133. 

1843 — Haj. Aoooant of obserratlona at Philadelphia and Toronto, dnring 
the magnetie dlstiirbanae of Uay 0, 1343, and their bear- 
ing «pon the qnettion ot the kind of instriimenta and 
obserrations appropriate t« determiDe luoh phenomena. 

Proe. Anitr. Phil Soc., Iii, 176. 
1S4G— Feb. Beport to the Treasar/ Department on the progresi of con- 

atraatlon of standard weights and measures. Seiiata Doe. 

149, 28(A Caagrru, 2d StUIOn. 
1847— Deo. Description of a new base apparams used In the (Jnlted 

SUles Coast Surrey. Proe. Amer. Phil. Soc, It, 368. 
1848— Deo. On a new method ot observing tianaila. Monihlg Not. R. 

Attr. Soe., Ix, 123; Bmll. Acad. Sci., Bru^iiU, xvl, 313; 

Aitr. Naehr., »x»lil. 273. 
1849 — Ang. Comparison of the remits obtained In geodesy by tbe appli- 
cation ot the theory of least squares. Proe. Atner. Atioc. 

Adv. Sci., Cambridge, 1S49, p. 102. 
1849— Aug. On the progress of the survey of the coast of the United 

States. Proe. Amer. Auoc., Cambridgo, 1849, p. 1G2. 
I860 — Har. Notee on the results of obserratlons of the direction and 

force of the wind at the Coast Survey itatlona at Mobile 

Point and at Cat Island, Onlf of Mexico. Proe. Amer. 

Auoe., Charletlon, 1860, p. 60. 
I6S0 — Har. Abstract of a oommnnlcation on the recent progress of th« 

telegraphic operations of the United States Coast Survey. 

Proe. Amer. Attce., Charleston, 1850, p. 122. 
1860 — Aug. Method u^ed In the Coast Survey for showing tbe resulla of 

current observations. Proe. Amer. Auoc., New Bawtm, 

IBfiO, p. 70; C. S. Rep., 1850, p. J3a. 
1850 — Aug. Bemarks upon the meeting of the American Assoalatlon at 

Charleston, In March, 1860. Proe. Amer. Auoc, Nev 

Haven, 1860, p. 169. 
Igeo — Aug. Motes of a discussion of tidal observations, in oonneotfon 

with the Coast Survey, made at Cat Island, In the €nlf 
14 209 
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ot Uexico. Proc. Amer. Assoc., Nevi ffaiitn, Ifi50, p. 
281 ; Amtr. Jaura. Sci., lii, Ml ; C. S. Rrp., 1851, p. 127. 

1851 — Mbj. CnrreDt obart of Now York Bay, from obsarTMions in tb« 
Coast Sarvej. Proc. Amtr. Atsoc, Ctnctimali, 18C>1, p. 43. 

1861 — May. Comparison of cnrveB allowing the hourly olianges o( mag' 
Aetio declinatioQ at Pliiladelphia, Toronlo, and Hobarton 
from April to Angoat, and from Octobet to Febroary, and 
for Haroh and September. Proc. Amer. Attoc, Cincinnati, 
1S5I, p. 62. 

18S1 — May. On tbe tlelermliiatlon of tlio velocity of Eonud by tbe method 
of coiDcidenoeB. I^oe. Amtr. Anoc., Cincinoafi, ISSl, 
p. 75. 

IBGl — Uay. Notes on tbe use of tbe lenilh telesaope tn determining lati- 
tudes in the Coast Eurrey by Taloott'B melbod, aud on 
tbe rednctioD of the obaervatioDs. • Prot. Amtr. Atsoc, 
Cincinnati, 1851, p. 151 ; Amir. Jo<im. Sci., xiv, 191. 

1851 — Ang. Additional notes of a disonsslon of tidal obsecratioDa made 
In couoeotion vitb tbe Coast Survey at Cat Island, 
Loaisiana. Proc. Amer. Auoc., Albany, 18G1, p. 94; Anier. 
Joura. Set., xiv, 34S ; C. S. Rrp., 1852, p. 111. 

1851— Aug. Notea on tbe tides at Sand Key, near Key West, Florida. 
Proc. Amtr. Assoc., Albany, 1851, p. 138. 

1B51 — Ang. Address on retiring from tbe datiea of president of the 
Ameriuau Aaaooiation tor tbe Advancement of Science. 
/Vac. Ama-. Assoc, Albany, 1861, p. 41. 

18S2 — Har. Beport on the harbor ot Charleston, Sontb Carolina (as 
chairman of a aommittee). 

1863 — July. On the tides at Key West, Florida, from obaervationi made 
InconncuUou with the Uniled Stslee Coast Snrvey. Proe. 
Amer. Assac, CUvdand, 1853, p. 32; Amer. Journ. Sci., 
iviii, 305; C. S. Rtp., 1B53, p. 71. 

1S53 — July. On tbe tided of tlie western ooast of the United Btates, from 
observations at Sxa Francisco, California, in oDunectlon 
with tbe Uniled Stales Coast Survey. Proc. Amtr. Assoc, 
CUi-eland. 1653, p. 42; Jner. Joura. Sci., iri, 1 ; C. S. 
Pep., 1853, p. 77. 

1854 — Hay. Preliminary determination ot co-tidal lines on tbe Allantie 
coast of the United 8tatea, from tbe Coast Snrvey tidal 
ot<servations. iVoc. Ann-. Assoc, Wathiogloii, 1BG4, p. 
107; Amtr.Joam. 5cf.,»l,14; C. S. Rtp., lSM,p. 147. 

1864— Uay. Comparison of the dinmal int-qnallly of the tides at San 
Diego.'San Franctaco, and Aetorla,on the FaciSc onait of 
tbe United Stales, from observations In connection with 
the Coast Snrvey. Proc. Amer. Assoc, Washington, 1854, 
p. 161; Amer. Journ. Sci., xii, 10; C. S. Rtp., 1654, p. 
162. 
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ISee— Jan. 
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On tbe dUtrlbulioD of t«iiip<tratare in and oear tbe Oulf 
Btni&m, off tlie ooaat of lb« Unttad StnlcB, from observa- 
tiona miidB iu the Coast 8Qr»fy, Proc. Amer. Attoc., 
Wiahiuglon, 18C4, p. 134; Amer. Journ. Sd., Mi, 29; C. 
S. Rtp., 16B4, p. 156. 

Second report ou the harbor of CfaarleBton, SoDtb Carolloa. 

DlaouBBion of obbtirvatioiis for tbe isodrnamic, isogouic, aud 
iaoolliial onrres of terrestrial uaguetiam, on and near the 
line of the bonndarj anrvej between the United States 
and Mexico, made In lE49-le^2, under tbe order of W. 
B. Emoi7, and combined vtth obserTatians at San Fran- 
cisco, CallfoTUiB, aud Dollar Point (B. Base), and Jupiter, 
Texas. Mem. Amer. Acad. Arts and Scl., T, 1872. 

Approiimale oo-tldal lines of tbe PnciSc coast of the United 
Btalea, from obseiratlons fn the United States Coael Snr- 
vey. Proc. Amer. Assoc., Providence, 1858, p. 144; C. S. 
Hrp., 1855, p. 338. 

Notice of the tidal obserrations made on tbe coast of the 
Doited Btatte, on llie Onlf of Mexico, with tjpe-ourvea at 
the sereral stations, and their decomposition iuto tbe 
cnrves of diarnal and semi-dlamal tides. Pror. Amer. 
Attoc., Procidence, ISSE, p. 1S2; Amer, Joura. Sci., xxi, 
128; C. S. Rep., 1855, p. 34fl. 

Notice of earthquake waves on the western coast of the 
United Slates On tbe 23d and 25th of Docember, 1854. 
Proc. Amir. Assoc, Procidcace, 1865, p. 153; Amer.JoHm. 
Scl., Ill, 37; C. S. Rep., 1855, p. 342. 

Report to New York harbor com mlsai oners, on anrveys of 
New York Harbor. 

Annnnl Address before tlie American Oeograpliical Society, 
being a paper npon the Gnlf Stream. Bulletin Amer. 
Geogr. Sot., il, 94. 

Approximate ro-tidal lines of diurnal and semi-dlnronl tides 
of the coast of the United States on the Gnit of Mexico. 
Proc. Amer. Assoc., Albany, J856, p. 1G8 ; Amer. Joan. 
Sci., xiiii, 12; C. S. Rep., 1868, p. 252. 

On tbe genernl distribation of terrestrial magnetism In the 
United States, from observations made in the United States 
Coast Survey aud others (in connection willi Mr. J. E. 
Bilgard). ft-iw. Jmer. Jwec., -4/6a»j, 1P56, p. 167; Amer. 
Joam. Sci., ixtI, 1; C. S. Sep., 1B5U, p. 209. 

ObBervations to determine the canse of tbe Increase of Sandy 
Hook, made b^ tbe Coast Snrray for tbe commissioners on 
harbor encroach ments. Proc. Amer. An'ic, Albany, 185G, 
p. 171; Amer.Jo«rn. Sci., »iiii, 16; C. S. fiep., 185(J, p. 
263. 
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I6&S — Aag, Notice of obaerTatiooa to delermlDe tlie progreBB of the tidal 
wave of the Undsoii River, madu by the Coast Surrey for 
the oommiiuiioiiera ou harbor HDcroaoh meals. Prot. Amtr, 
Asioi., Albany, 173 1 Amar. Jeurn. Set., uiii, 17. 

1856— Aug. Notes on thv progreaa made in the Coast SutJej In predlotion- 
tablee for the lidiss of the Uailed States coast. Proc. Amer. 
Altec, AlbaBg, 1856, p. 166; C. S. £171., 1856, p. 24S. 

1S5S— Oct. AniiiTereary address before the AiuerloBD Institale of tbe 
citj of New York, doilDg the tveDty-eighth aunnal &ir. 
NetB Turk, 1857, pp. GO. 

1856 — Deo. Report to Mew York harbor oonnnissionera on the progreta 
of tlie snrTey of New York harbor. 

1856— Deo. Notee on tbe windg of tbe eoaat of the United Sutee on the 
Onlf of Uoslco. C. S. Btp., p. 272. 

1856 — Deo. Beport of Superintendent of Weights and UeasnreB. 

1857 — Ang. Notice of the delermiuation of the longitnde of Femandfua, 
Amelia Island, Florida, by means of chronometer ex- 
changes from Savannah, Georgia (in oonnection with Hr. 
C. A. Sohott). Prec. Amtr. Aaoc, Montrtal, 1867, p. 166 ; 
C. S. Pep., 1857, p. 314. 

1857— Aug, On tbe heights of the tides of the Atlanlic coast of the Uniled 
States, from oliservations in the Coast SorTe/. Proc. Amer. 
Auce.; MomlTeal,l%Si1, p. 175; Amer. Joitrn. 5ci'., zzt, 47; 
C. S. Btp., p. 342. 

1857— Ang. On tbe winds of tbe western coast of tbe United Slates, from 
obserTatlont in connection with the United States Coast 
Survey. Proc. Amer, Aisec, Montreal, 1857, p. 183; A»«r. 
jQum. Rci., xxT, 62; C. S. Rep., 1857, p. 3S4. 

1857— Aug. Notes on tbe meaanrenient of tlie bafle of tbe primary tri- 
angulation of tbe eastam setttoD of thp coast of the United 
Statra, on Kpping Plains, Maine. Proe. Amtr. Attoc., 
Montreal, 1657, p. 160; Amtr. Jtmrn. Sei., zxv, p. 56; C. 
S. Bep., 1857, p. 302. 

1857— Dee. Report relative to the New York harbor sarvey. U. S. Senate 
Doc., 1858, No. 16. 

1858— May. On a snppoaed personal eqnation )n the nse of the senilh 
telescope, tor determining lalitndea by Taloott's method. 
Proc. Amtr. AiKc, Baltimore, 1868, p. 14; C. S. Sep., 
1858, p. 164. 

1868— Hay. On the tidal currents of New Tork Bay, near Sandy Hook. 
Proc. Amer. Aaoc., BaUimore, 1858, p. 80; Amtr. Joarn. 
Sci., xxvi, 334j C. S. Eep., 1B68, p. 187. 

1866 — Jnly. Defence of Dr. Goal d, Iiythe solentiflo oovnoil of the Dudley 
Obserralory (in oonnection witb Professor* Joseph Benij 
and BenJ. Feiroe). Albany, 1858, pp. SI. 
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18Sg— Feb. 
ieS9— Aog. 



18Gfr-Aag. 
16S0— Ang. 



ALEXANDEB DALLAS BACUK. 

Addreu iMfDTe the AlDmni Asaoviatlon of the Central High 
tirhocl. FlttlaJtlplda, 1S5S. 

Address in tribute to the memor; of Homboldt. T%t /VIptt 
and BMUmm, Mo. 6. 

Q«iieral aciwout of th« reaults of Iho disonssioQ cf the de- 
ellnometui obMrvatioua, made >t Gir»rd College, Phila- 
delphia, between tbe 7«ara 1840 to 1S4G, irilh ipeolal 
refer«DOH to tbe eleTeii-^ear period. Proc. Anur, Astoe., 
Sprinsfield, lUS, p. 246. 

OnK-Str^am ejtploi«tlonB. Third nwmolr. DiBtribation of 
Umperatore In the waUr of tlie Florida Channel and 
Btraita. Proc Amtr. Auac, SpringJUld, 1859, p. 257 ; 
AwKT. Journ. ScL, xxiK, 19S; C. S. Rep., 1859, p. 306. 

Disooasion of tbe UBgDetiu and meteorological obferTatioDS 
made at the Qlrard College obwrTatorj, Pbiladelplila, In 
1840 to 1S4S, Part I. InTeetigatlon of the eleven-jear 
period In amplitnde of tbe edar dinmal Tariation, and 
lit the distorbances of thp magnrtio drellnatiOD. pp. 22. 
Smitiu. Contrib. ta Knowledge, vol. zi, art. ir; C. S. Rep., 

1859, p. 27S. 

Leetnre on the Qnit Str«am, Proc. Amer. Aaoc., Newport, 

1860, p. zlii; .diur. Jotmi. Si-i., xxz, 313; C. S. Rep., 
1860, p. IBB. 

GsBeral acaount of the reanlta of Part II of the dlBcnBsioD 
of the deolinonieter obaervations made at the Qirard Col- 
lege, FhiladelpbU, between 1640 and l&4fi, with ■pecial 
reference to tbe eolar dinmal variation and Its annnal 
iueqnality. Proc. Amer. Auoe., Ntwport, 1860, p. 74 [ 



I. So., 1 



I, 197. 



1S60— Aug. . Abstract lA a dlecaaiiloii of the inflnenoe of the moon on tbe 
deolination of the magnelio needle, from thu ohBervitloni 
at the Oirard CoUpge. Proe. Amer. Auoc., Nemport, 1860, 
p. 83; Amtr. Jvtm. Sci., xxxl, 98. 

1860— fiept. Obaerratioiia of tbe aolar eclipse of 1860, Jal; 18, at the 
Coast Snrvej station, Gnnstork Uonutaiii. AitTon. Jovrn., 
•*l, 157. 

1862— JaiM. DlsooMion of the nagnetla and meteorologloal obaerrationB 
made at the GiMrd College observatory, Philadelphia, lu 
1840 to I84S, Part II. InTeatigation of tbe solar dinmal 
Tarlation of the magnrtio decllnalton and Its annual Ine- 
quality, pp. 2«). SmiUu. Contrib. to Knotet., vol. xili, art. 
t; C. S. Bep.,\SSO,p. 293. 

IMil— Jdiw. DiscDSslon of tbe magnetic and meleorologioal obserratlon* 
made at tbe Oiraid College observatory, Philadelphia, In 
1640 to 184S, Part Itl. Inrestigatlon of the Inflnenoe oT 
212a 
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1S6S— JftD. 
1863— May. 
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the moon on the magnetic deellDfttion, pp. 16. Smith. 
CmtTib. to KnovL, Tol. xlii, Mi. ri ; C. S. Btp., 1S60, p. 
312. 

Abelract of a dlsonasion of the horiiontal eomponpnt of the 
luagnetio force, from obsrtvfttloue made at llie Olrard Col- 
lege obaervatoTj, Philadelphia, in the jeara 1840 to 1S45, 
AmtT. Journ. Sci., xxiIt, 261. 

DisooeBion of the magaetto and meteorological obaerTationa 
made at the Olratd College obaeTvatorj, Phlladttlphift, In 
IS40 to 1845, second sMilion, comprising Farts IT, T, TI. 
Horiiontal force, InTeatigation of the ten or eleven jtn 
period, and of Ihe diBtarbanoeB of the liorisontal oompo- 
nent of the magnetio force; invpstlgatious of the solar 
diaraal variation and of the anntial ineqnalitj of the hoii- 
tontal force, and Ihe lonar effect on tha eaioe, pp. 78, 
Smiilis. Contrib. (o Ktioicl., vol. xiii, aH. Till ; C. S. Btp., 
1862, p. 161. 
Abstract of an Investigation of the solar dinroat Tariation 
of the annaal Ineqaality of the horizontal component of 
the magnetio force, from ob«STTa(iona made at the Olrard 
College obaervBtorjibetireeD 1840 and 1845. Amtr. Jimm. 
Sci., ixxir, 373. 

Abslract of a dUcoEBion of the InSnence of tha moon on the 
boritontal magnelio force, from observations made at the 
Girard College observatorj. In the years 1840 to 184S. 
Amtr. Journ. Sri., xiiiv, 381. 

Additional reeearches on the co-lldal lines of tha Golf of 
Mexico. C. S. Btp., 1862, p. 128. 

Enlogy on Hon. James Alfred Pearce. Annual Report of 
Begeult Smillumiaa Inttilulioa /or 1862, p. 100. 

Abstract of reeult^ of a msgnetle survey of Pennsylvania and 
parts of adjacent States Id 1840 and 1841, with some ad- 
ditional reBulle of 1843 and 1S62, and a map. Amir. 
Journ. Sci., xxzv, SSS; C. S. Btp.. iat>2, p. 212. 

Becords and results of a magnetic survey of Pennsylvania 
and parts of adjacent States in 1840 and 1841, with some 
additional records and reenlU of 1834, 183S, 1843, and 
1862, and a map, pp. 68. Smiih$. Contrib, lo i^noW., vol. 
xiii, art. vtii. 

DiBrnssioD of the magnetic and meteorological observations 
made at the Oirard Collide observatory, Philadelphia, In 
1840 to 184B, Ihird section, comprising Parts Til, Till, 
IX. Tertlcal force. Investigation of the eleven (or ten) 
year period, and of (lie distnrlianoea of the vertical com- 
ponent of the magnetic force, and appei>diz on the mag- 
netic effect of the anmra borealia; with an tDvestigatton 
212ft 
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of th« Bolar diornal variation, and of the anDDal Ineqaalllr 
of tliH vertical force, and of the lunar effect dd llie rerti- 
eal force, tlie iDolinalioD and total foroe, pp. 72. SmithM, 
Conirib. Id Knowl., vol. xiv, art. Hi C. S. Sep., 1S63, p. 

15a. 

1S66 — Jan. DUuDBiion of Ibe magnetic and meteorological obaervalions 
made at llie Qlrsrd College obaervatorjr, Ptiiladeiphia, In 
1S40 to 1645; fonrlh eevtion, comprising Tarts X, XI, XII. 
Dip and total force. AnslyBie of tbe dlatnrbBimeB of tbs 
dip and total force ; diBonHiou of tbe aolar diomal Taria- 
tion and annaal Ineqaalit^ of tbe dip and total force; 
and discussion of tbe abeolnle dip, with tbe final Talaes 
for deolination, dip, and force, between 1841 and 1S4S, 
pp. 44. SiaiiJii. Contrlb. to Knoml., vol. lir, art. lil; C. 
3. Rtp., 1864, p. 1S3. 
I844t«lS63. Annual reports of the progregg of the United States Coast 

1S44 to 1S48. Annoal reports of Superintendent of Weights and Meaanres. 

1S5S to 18S4. Tide tables for the use of navigators, prepared from tbe 

Coast BarTH^ obseivations, annnallj. 

Also, the following reports concerning harbors, jointly vith 
Messrs. Totten and Davis : — 

1853— Har. Beport npon Cape Fear Itiver and harbor. 

1854 — Oct. Report of Portland harbor commiagjou. 

1S5S — Har. Second report of the commiaslunera on Portland harbor. 

18SG — Deo. Seport of adTiaory coaiicil of the Hew York liarbor commis- 
sion. New Yorh Autmbly Doc, 1856, No. 8. 

18SS — ixklj. Beport of the advisorj coddcH of the Nen York harbor com- 
misBlon,recommeDdilig certain liuesin the East and North 
Rivera, and in Brooklyn. Ktic York Stnate Doc, 1857, 
No. 40, p. 107. 

ieS6— July. Report of ibe adrieory conncil of the Kew York harbor oom- 
mlBBion on Gowanae Bay and its Improvements. N<a 
York Stnatt Dvc, 1867, No. 40, p. 118. 

1856 — Sept. Beport of tbe advisory oonnoll of the New York harbor oom- 
mlssion on the Hell Gate Passsge, regarded as a ohannel 
of approach to New York harbor. New York Senate Doc., 
1857, No. 40, p. 137. 

1856 — Oat. Second general report of the advisory connell to the harbor 
commissioners, on lines in New York harbor. Nae York 
Senate Doc., 1857, No. 40, p. 81. 

1866 — Dec. Report of the advisory oonncil to the commissioners on 
harbor encroach men I a of New York, in r^ard to safe aqd 
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1860— Har. 
186D~-Dec. 
1860— Dm. 

1B60— Dm. 

1861— Sept. 
1861— Sept. 
1663— ApriL 
1S64— U>r. 
1864— Hftr. 
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cominodioas anabarages in New York Iisrbor, for tlie pur- 
poses of Ihe quarantine of reii«ela. NtwYork Stnau Doc., 

1867, Ko. 40, p. 132. 
Report of the adrisorjr oonDoil to the New York harbor com- 

miBsiooers npon Harlem River and SpuTten Dnyril Creek. 

Nev! York Stnate Doe., 1857, No. 40, p. 151. 
Beport of the adviBorj oonnctl of lines for the East River, 

for the Bliore of Long Island, and the east shore of Staten 

laland. A'eio York Senate Doc, 1857. Mo. 126, p. 9. 
Report ot the advisory counoil to the Now York liarbor oom- 

toisslonera npon the oomparative nap of New York Ba^ 

and liarbor, and Ita approaches, prepared hy the Coast 

Snrvey in March, 1S57. New York Stnatt Doc., 1857, No. 

126, p. 12. 
Preliminarj reports of oommlEsionais on Boston harbor. 

Dotlon Citj Doc., 1860, No. 37. 
Seooud report at Dnited States aomnilasloners on the oondi- 

lioD of Boston harbor. Baton Citg Doc., 18S0, Mo. 97. 
SpMial report of Ihe United States oommlsaionera on Boston 

liarbor, on tie relation ofHTstie Fond and River to Boston 

harbor. SoMlm Citg Doe., 1S61, No. 12. 
Report of the advlsorj conncJI of the Joint committee of the 

Uassachnsetts leglslatote on tb« aabjeet of a ship-oanal 

to connect Barnstable Bajr and Bniiard's Ba7. Mias. 

Pub. Doc, 1864, No. 41. 
Fourth report of the United States oommissloners on Boston 

harbor. Doiion Ciig Doc, 1861, No. 62. 
Fifth report of the United States oommissioaers on Boston 

Harbor. Boeton Cits Doc., 1881, No. 63. 
Sixth report of (be United States Mmmlssloneis on Boston 

harbor. Boitoa Ciiy Doc, 1863, No. 63. 
Seventh report of the United States oommlssloneta on Boston 

harbor. Botton City Doc, 1B64, No. S3. 
Eighth report of the United States commissionera on Boston 

liarbor. Boiton City Doc, 1B64, No. 34. 



ilzed by Google 



MEMOIR 

JOHN H. ALEXANDER. 

1812 - 1867. 

BT 

J. E. HILGARD. 

B*U» BIfOBB TBB ACADBICT, ATBIL It, 18T1 



ilzed by Google 



itiadb, Google 



BIOGRAFHICAL MEHOU OF JOHN E. ALEXANDER. 



Oncx more the Academy meets to inscribe on itB memorial- 
tablets the name of one of its original members, named in the 
charter of its organization. Death has been busy id its ranks^ 
vithin fonr years from the time of its creation six names hare 
passed to the record of the departed. Some of these, it is true, 
went in the fulness of years and honors, but others, being still in 
the vigor of life, might have added much to tfaeir services to' 
science and their country, had they been spared. Of the tatter 
number was our late fellow- member, whose life and works we 
now brieSy commemorate. 

John Henry Alexandkb was bom on the 26th of June, 1812, 
in Annapolis, then as now the seat of government of the State 
of Maryland. He was the youngest child of William Alexander 
and Mary Stockett. The father was a member of a Scotch-Irish 
family, settled in and about Belfast, who having come to America 
white still a youth, at the close of the strnggte for independence, 
established himself as a merchant in the city of Annapolis, whicb 
with its deep harbor and productive vicinage, was a place of 
considerable trade — in those days, when Baltimore had not yet 
absorbed all the shipping bnsiness of Maryland. The Stockett 
family, into which he married, came over in 1642, and settled on 
South and West Rivers, where the estates remain in possession 
of the family to the present day. 

Young Alexander was thus emphatically a son of the State to 
which he ever adhered, and whose greatness he sought to 
advance, often before the time had come when the community 
contd appreciate the benefits that were to flow from bis plans. 

While he was still in childhood, his father died, leaving but 

scanty provision for the family. The mother, represented as a 

lady of remarkable beauty and strength of character, lovely and 

winning in mind and heart, carefully trained her youngest child, 

210 
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doubtlesa imparting to his chantcter much of bet owd refiaemenc 
and aeusibility. 

He received bia cl&Bsical education at St Joha'a College, in 
his native town, where he took his degree at the age of foarteeu, 
dividing the first honors with his life-long friend, now the Rev. 
Dr. William Pinkney, Rector of the Church of the Ascension 
in Washington, to whom the present biographer is largely in- 
debted for facte and traits of character, which his own acquaint- 
ance, limited to later years, could not have readily supplied. 
Speaking of these early days of Prof. Alexander, his Mend 
says : — 

" We paBsed out of the college halls together, and entered a 
law office. For four years we read, ajid walked, and talked 
together; and then began his careful examination of history, 
and the great principles of the law, as expounded by its masters. 
Nothing escaped him, that a youth of his years could compre- 
hend. It is my firm conviction, that bad be continued at the 
bar, he would have soon reached the first ranks of his profession. 
For although he possessed not the gift of oratory, and would 
probably not have made a brilliant pleader, he had those pecu- 
liar powers, clearness of statement, skill of analysis, concentra- 
tion and amplification, earnest gravity and wonderful fluency, 
which would have commanded the respect of courts, and the con- 
fidence of jnries. He was rich in resources, adroit in argnment, 
ready in retort, and sparklin^f with wit. No man, who ever 
encountered him in one of those off-band debates that spring up 
in private conversation, could fail to discover that it was neces- 
sary to call up bis reserveB, and keep the columD of his ideas in 
order. He possessed singular self-control, and never allowed 
passion to obscure his reason, or excitement to throw him off his 
guard." 

About this time began the development of the modern system 
of transportation, and of the many applications of science to the 
arts, relieving the labor of man, and diminishing the obstacles of 
time and space. Toung Alexander, perceiving the great influ- 
ence which railroads and BteamsbipB, and the development of the 
stores of coal and iron laid up in the earth, were to have on the 
future of the country, turned aside from the legal career, and 
devoted himself to applied science. 

His first work was in connection with surveys for the Susqne- 
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hanna Bailroad, dow part of the Northern Central, but he goon 
turned his attention to the project for a complete topographical 
map of the State of Maryland, in conjunction with a geological 
sarvey. Having urged the matter upon the attention of the 
legislature, he was appointed before he had completed his twenty- 
first year, to make examinations preliminary to a general survey 
of the State, together with Prof. Julius T. Ducatel, who bad 
charge of tbe geology. 

The plan which they submitted was approved, and the offices 
of Topographical Engineer and Geologist were created in Feb- 
raary, 1834, to which Alexander and Dncatel were appointed. 
Tbe means provided were, however, small, and the work pro- 
gressed but slowly. A lai^e volume of annual reports, made 
between 1S33 and 1840, attests the faithful efforts made to pro- 
duce valuable results and to arouse the interest of the people in 
the development of the agricultural and mineral wealth, and the 
lines of communication in the State. 

Prof. Alexander's plan was to make a complete trigonometrical 
survey of the State, which should fumiEh the basis for an accurate 
topographical and geological map. By making a trigonometrical 
reconnoissance, he was enabled within four years to construct a 
map sufficient for the representation of the geology, but in his 
view only a basis upon which to plan a more elaborate work of 
geodesic accuracy. This he proposed to execute in connection 
with the Coast Snrvey, and he postponed entering upon it, until 
that work should have reached Maryland, in order to avail him- 
self of its accurate fundamental positions. Meantime the geo- 
logical examinations were continued by Prof. Ducatel, and the 
more immediate results of economic value were published in 
annual reports, illustrated by maps of tbe several counties, pre- 
pared by Prof. Alexander. 

Wfaen, in 1841, that stage of the work was reached at which a 
general scientific report on the geology of the State could have 
been entered upon, and when the trigonometrical survey was 
about to be commenced, its support by tbe State was withdrawn — 
partly in consequence of the depressed condition of its finances, 
partly from the prevalence of a narrow utilitarian view — and the 
new map of Maryland has remained unfinished, as well as its 
geology. It is due to Prof Alexander to note, that althongh he 
continued to bold tbe commission as Topographical Engineer 
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of the State, from 1SS1 to 1841, he drew do part of the salary 
attached to it. 

Daring these jears he gave mach of bia time to the opening 
of the bituminoaa coal beds in Allegany County, and founded 
the Qeoi^e's Creek Coal and Iron Company, of which he waa 
President from 1836 to 1845, in which capacity he vieited Enrope 
in 1839, with a view of enlisting foreign capital in the enterprise. 
While engaged in these pursuits he pabliahed, in 1840, a volume 
entitled " Contributions to a History of the Metallurgy of Iron," 
which, with his habitual thorongbncss, is in fact a complete trea- 
tise on the subject up to his day. It was followed by a supple- 
ment in 1842. 

To meet a want very generally felt by-tbe practical engineer 
in our country, in those days when we had no schools of engineer- 
ing and when the rapid development of the country called for a 
great number of surveyors and engineers, he edited with copious 
additions and adaptations to our special wants, " Simms' Treatise 
on Mathematical Instrnments used in Surveying, Leveling, and 
Astronomy." This work has passed through several editions, 
and remains to this day an excellent standard of reference. 
Among valuable original devices in this branch of science was 
that of a new form of barometer, specially adapted for the pur- 
pose of measuring altitudes, which is described in a paper printed 
in the Amer. Joum, of Sciences, vol. xlv, 1843. In the list 
of publications appended to this memoir will be found several 
papers on cognate subjects, contributed by him. 

The subject of Standards of Weight and Measure early 
attracted Dr. Alexander's attention. He was in constant com- 
munication with the late Professor Hassler, Superintendent of 
the Coast Survey, under whose direction copies of the United 
States Standards were constructed for delivery to the several 
States, with the view to securing uniformity thronghout the 
country. Upon the completion of the same, Dr. Alexander 
ni^ed upon the L^slature of his own State the propriety of 
furnishing copies thereof to each county, and was, in 1843, 
charged with their construction and verification. His report 
" On the Standards of Weight and Measure for the State of 
Maryland," made in 1845, is a work of great research, and e.vhibits 
strikingly the thoroughness, accuracy, and ingenuity wliich he 
brought to bear on every subject that he undertook to deal with. 
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It contains a disquisition on the origin of tlie Anglo-Saxon 
measures, with a digeBt of all legislation had in reference to the 
matter in England from the earliest times, and subseqaently in 
the United States. This historical statement must have cost 
immense research, and is invaluable in the latter part, by giving 
an account of frequent Congressional inquiry and Committee 
reports, which, not having resulted in legislation, can be found 
only by a thorough examinatiou of the Journal of both Houses 
of Congress. Dr. Alexander's comment on a Committee Report 
of 1819 may be quoted as illustrating his own views in regard to 
proposed changes that have been much canvassed in latter years. 
He says: " This report is a model of calmness and conservatism : 
too much learning had not confused, nor too weaned reflection 
led astray. It Is easy to see, too, from its tone, as well as that 
of the Senate resolution juBt quoted, how the public mind was 
settling down in aversion to a violent change : what had been 
found hard of acceptance in 1790, among a people of less than 
four millions, was now, with a population not far short of ten 
millions, grown to be nearly imposBible." 

In the experimental portion of Dr. Alexander's work in 
constructing these standards, lus method of determining the 
cubical temperatore-factor of the metal employed by comparing 
it with that of water, through the weight of the water displaced 
from a glass vesael by the effect of heat, with and without the 
metal in question being immersed in it, deserves special mention. 
Wiib the aid of an accurate balance he was thus able to get 
very satiBfactory results, that otherwise could only have been 
obtained by expensive apparatus not at his command. 

He subsequently published {Am. Journ. Sci., vol. xvl, 1853), 
a discussion of Mr. Hassler's experiments on the dilatation of 
water by heat, which were not readily accessible to men of 
science. His introductory remarks to that paper may fitly find a 
place here, both as illustrating his own style and character, aud 
as a tribute to a geometer whose life-memoir has not yet been 
written as it deserves to be, 

" The late Mr. Hassler enjoyed, daring his lifetime, a high 
reputation ; but one founded, it would appear, at least in this 
conntry, more upon the prestige of hia manifest and presumed 
iutellectnal and moral faculties, than npon any just knowledge 
or estimate of his special achievements in science or art. It is 
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true that tbese faculties were both large snd well defiaed, and 
thej^ had a scope for their exhibition, sometimes, more favorable 
to the interest of the spectator than the ease and comfort of the 
actor. He was nodaunted, diligent, patient, self-reliant ; no man 
feared an adversary less, or loved friends more; sympathetic, too, 
and (for which credit was notgenerally given him) tender-hearted ; 
still bis stern self-command enabled him for many years to fold 
bis robe with a certain grace over wonnds of sonl and body, so 
deep and sore as to have put oat of the beads of many others, 
who yet think themselves strong men, all idea of the dignity of 
sorrow. Intellectually, also, nature bad been bountifnl to bim, 
and under his finely sbaped cranium bad placed a network of 
brain, active in perception, and of firm retention. All tbe orga- 
nism for a geometer was there : and wit and humor, too, with a 
epice of dogmatism, that, like carbonic acid in certain wines 
(itself an irrespirable gas), only served to make them more racy 
and montants. Unfamiliar people were apt to suppose that 
this free acidity predominated normally ; but the foct was, that 
bis dogmatism arose ont of his disgust at all pretence, and it 
was always manifested in proportion to the difference between 
the reality, and the pretension in any person or thing that ex- 
hibited the latter. He was essentially a man of truth ; assump- 
tion of any kind disgusted him ; while to assumption without a 
basis (or what is commonly called humbug) he was never mer- 
ciful, but visited it with all tbe weight of logic and all the 
sharpness of sarcasm. Those who knew him, knew that he 
could be both heavy and sharp. 

"But to draw traits of character was by no means the object 
of this memoir; what has been said, has slipped from my pen 
spontaneously. It is true, that honored by the intimacy of Mr. 
Hassler, and even bound by a sort of balf promise (for in the 
mathematical probabilities of life, there was every chance of my 
being long hia survivor), I should years since, bad the means 
been at my disposal, have endeavored to do justice to bis 
memory by an account of the events he had mixed in, of the 
services he had rendered toward tbe stabilitatioD and diffusion of 
knowledge, and of tbe methods, which be partly originated, and 
partly combined, for divers researches of science." 

When after the death of Mr. Hassler, in 184:^, Prof. Bacbe, 
our late lamented President, was appointed to the Buperinten- 
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dency of the Coast Sarvey, Dr. AlesaDder's previous acquain- 
tance with that distiDgQiahed scientist soon ripened into friend- 
ship, aDd he ever held an esteemed place as amicue curiae in 
the counsels of the Coast Survey and Staadards Departtueot. 

While engaged in the constrnction of the State standards, be 
collected data for a work eotitled, " A UDiTersal Dictionary of 
Weights and Measures, ancient and modern" (Baltimore, 1850), 
vhich is one of the most complete and exact works of the kind 
ever pablished, and must ever continue to hold a high rank as a 
vork of reference. 

A pamphlet entitled, " Internatiooal Coinage for Great Britaiu 
and the United States," first printed in 1855, as a basis for 
action by Confess, and subsequently reprinted in Englaud 
(Oxford, 185T), shuws the mature and analytic consideration be 
had given to the subject under discussion. His aim was to 
equalize the pound sterling and the half-eagle-— a measure 
which would be of infinite convenience to the two nations, if the 
temporary inconvenience of a change could be tided over. His 
concluding paragraphs may be here quoted : — 

" It is to such an end of simplification and harmony that all 
which has been here written is aiming. Not that the aim could 
not by others have been better expressed, or, when time is riper, 
or by happier effort even novr, been better reached ; but mainly 
as an indication of a method, resting upon principles unqnestion- 
able, by which a great and nseful result may be conveniently 
attained. 

" All violent changes are here avoided. That one, the hardest 
of all to be effected in great national masses, the change of name 
(which is, in its degree, a change of language, and so of thought, 
which in general finds life but in language), is here neither neces- 
sary nor even contemplated. Quietly, with prudent manage- 
ment — almost without management at all—the existing systems 
blend with and melt away in the new one, whose convenience in 
the mint and in the market there is no need of experience to 
afBrm ; until, finally, if the present suggestions, or some modifi- 
cation of them, be adopted, the two great branches of the Saxon 
family will realize what history shows to have been the nniform 
destiny of their forefathers— the carrying with tfaem, and impress- 
ing where they tread, the characteristics of their institutions — 
and will be able to point out, as among their peaceftal triumphs, 
15 231 
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the establishment of one weight, one measnre, aad one money, 
first for themselveB, and then for all the world." 

In 1S5T Dr. Alexander went to Europe, charged by the 
National GoTerumeut with a mission having in view the Unifi- 
cation of Coinage. His answers to the queations of the British 
CommissioQ on Decimal Coinage, of which Lord Orerstone was 
Cbairinaii, were printed bj tlie OommiBEiou, and forra an im- 
portant and perspicuons review of the whole snbject. He 
returned without having effected any arrangements, the oppos- 
ing interest of the bankers being, in his opinion, the principal 
obstacle to unification, or even assimilatioa of the coinage of the 
two countries. His views met with due appreciation at borne, 
and he was about to be appointed Director of the Mint in Phila- 
delphia, in 1861, when death prematurely put an end to his 
career. 

Among other scientific works of Dr. Alexander's are reports 
made at the request of the V. S. Light-House Board, on Bab- 
bage's numerical system of light-houses, on steam- whistles as 
fog signals, and, in connection with the chemist, C. Morfit, on 
illuminating oils. 

At the breaking out of the civil war, he tendered his services 
to the national government, and, as engineer officer on the staff 
of the department commander, aided in planning and construct- 
ing the defences of the city of Baltimore. He also contributed 
largely from his private means towards the raising and equip- 
ment of a field battery, which was commanded by his eldest son. 

Dr. Alexander was not only a mathematician and a physicist, 
hat likewise a linguist and a poet. As a linguist he coatd have 
had but few equals in this hemisphere. Latin he wrote as 
reitdily as he wrote English, with the same choice command of 
words and skill in construction. He was deeply versed in Greek 
and no mean Hebraist. The modern tongues of the civilited 
world were perfectly familiar to him ; and he was as exact as 
he was varied in his gift of tongues. Among his unpublished 
manuscripts is a " Dictionary of the Langu^e of the Lenni* 
Lenapi?, or Delaware Indians," being a compilation of the several 
vocabularies of Zeisherger and Heckewelder, Moravian mission- 
aries, whose activity among the Indians, chiefly in Pennsylvania, 
covered a long series of years. In this volnme he attempts to 
construct etymologies, and to make intelligible the structure of 



iized by Google 



JOHN H. ALXXANDEB. 

that language, now entirely perished. The following is the 
concluding paragraph or the preface: "A similar irregularity 
will be found, also, in the attempt to reconcile the etymologies 
of variouB words; all of which herein rest only upon tha 
authority of the compiler. The incompletenesB, however, in 
this feature of the dictionary it posseesee in common with, 
though to a greater degree than, the lezicons of accomplished 
scholars in other tongnes. And if the meagreness and donbtfol- 
nesB of this research are admitted for other languages, as well 
loDg^ultivated and classic as modern and Temacnlar, which 
count their philologers by hundreds, their words by thousands, 
and those who use those words by millions, something may be 
conceded to a dialect whose explorers are bat two, and who 
themselves alone made it a written tongne, and of which while its 
genins is as potent over deriTative words as the many-sided 
polysyllabic and mellifluous Greek, we have only remaining the 
scant debris, almost to be reckoned on the fingers, which the 
present compiler has gathered in the following pages." 

The most important of Dr. Alexander's unpublished works, 
the titles of which are given in the appended liet, is "A Dic- 
tionary of English Surnames," an announcement of which was 
made in the Am. Journal of Science, in 18G0. It is a mona- 
ment of learning, is thoroughly exhaustive of the subject, and 
bears the impress of a strong and original genius. It is to be 
regretted that no publisher has yet been found for it. Arrange- 
ments for its publication were interrupted by the war. 

He was also a poet : not a popular poet, for there was too 
much depth and originality of thought and expression to secure 
at once the popular applause — too much purity and beanty of 
language, and calm qniet depth of sentiment, to win its way to 
the popular heart, save by slow steps. He was, however, a true 
poet. His Introlts and Catena are both works of a high order. 

The Catena is a string of pearls, which will link his name to 
an immortality, in that serene region, where the sacred muse 
most delights to dwell, and she weaves her freshest and most 
beautiful garlands. The opening piece, the Prelude, and the 
closing piece, the Talete, are conceived In his richest vein, and 
marked throughout with that pathos and depth of feeling which 
go direct to the heart. They are exnberant in thought, musical 
in rhythm, profound in sentiment, and fall of heart-revealing. 



iized by Google 



NATIONAL ACADSMT OP SCIESCB8. 

The above are the words of Dr. Alexander's friend who has 
been previously quoted. He adds ; " Dr. Alexander was almost, 
if not quite, as deeply read in theology and church history as 
be was in mathematics and general literature. It is not com- 
mon for a layman to pash his inqniries into this region of thought; 
nor is it common for him to succeed, if he does. But there was 
nothing common in the mental calibre of onr deceased Mend. 
He prepared and published a tabular Btatemont of the points of 
doctrine, in which the seTcral systems of religious belief meet 
and diverge ; and I hazard nothing in saying, that this remark- 
able exhibition of the powers of condensation and accurate dis- 
crimiuation would have been worthy of any prelate in Cbristeo- 
dom. Ou one occasion, meeting a distinguished and moBt learned 
divine of the Lutheran faith, who did not know him, he asked for 
information touching some point of belief, when the gentleman 
replied, I know not where you will find an answer, unless it be 
in a sheet published by some Dr. Alexander, of Baltimore, which 
is the most wonderful paper that has ever met my eye." 

In person Dr. Alexander was tail, finely formed, erect, and 
easy in motion, always neat and precise in his dress. In his 
intercoarse with others he was so scrnpulonsly observant of the 
etiquette of good breeding, as sometimes to give the impression 
of stiffness. A keen debater, aided by immense resources of 
memory, fond of argument, as an exercise of acumen, bis dis- 
putations had no tinge of self-assertion, but were ever courteous 
and good-tempered. He liked a good intellectual tilt, and to the 
writer, many years his junior, it was a pleasure to engim;e with 
him, because he was sure to be gainer in facts and lore previously 
unknown to him. TTndemonstrtitive in his manner to the out- 
side world, his tender nature spent its wealth upon his family, to 
whom he devoted much of his time. In 1836 he married 
Mai^aret Hammer, the dangbter of a prominent Baltimore mer- 
chant. She survived him, with five sons and a daughter. He 
was not yet fifty-five years of age when he died, cut down in the 
vigorof life, byan attack of pneumonia, on the 2d of March, 18GT. 
His innate modesty and love of retirement had kept him from 
being called to public tmsts where his admirable talents and sys- 
tematic industry would have produced the most valuable results, 
and it is to be regretted that the public service so seldom had 
the benefit of the wisdom of his counsels and the assiduity of his 
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labor. To the world of BcieDce he waa well known, and here he 
had received the dne meed of recognition. The degree of Doctor 
of LawB was conferred apon him by St. James College, of his 
native State, where he occupied the chair of Physics for a year. 
He occupied a similar poeition in the UniTerslty of Pennsylvania, 
and snbeeqnently in the UniTersity of Maryland. He was a 
member of the Maryland Historical Society, of the American 
Philosophical Society of Philadelphia, of the American Association 
for the Advancement of Science, and was one of the members of 
the National Academy of Science, named in the act of Incorpora- 
tion. 



List of essays by J. H. Alexander, pnblished in the " Ameri- 
can Journal of Sciences," and other scientific periodicals. 

1B43. On a New form of Monulaln or other Baromeler (willi a plate), 

vol. ilv, p. 233. 
1848. A CrjBUUograpliio MemorandDni, vol. t, p. 136. 

1848. On a new emplrieal Formala for aseertainlng tb« Tenafon of 

Taper of Water at an^ temperstore, to), vl, pp. 210, 317. 
Phil. Mag., iziW, 184S ; Pogy. Aun., Izxvi, 1849. 
1846. On a new Formula for Interpolation, vol. vii, p. 14. 

1849. On ■ new Protractor for Trieectlng Angles, vol. vii, p. 243. 
1S49. Od a new Table of the PreBsnre of Steam at variooB Temperatnres, 

vol. T<i, p. 361. 
1851. On Certain Heleorological Coinoidenoes, vol. zit, p, 1. 
18&3. H«Mler'a Experiment! on the Expansion ot water at various 

temperatQret, vol. >vi, p. 170. 
18E4. Improved Apparatos for th« AnaljBls of Coal, and for Oi^nio 

Analrala generall;. Journ. Fraaklia Inst., 18S4, p. 102. 
ISSe. Dttimate AnaljBls of certain pare Animal Cits (with C. HorBt). 
16G8. A Chemioal Ezamlnalion of the Commercial Varieties of Brown 

Sagar, vol. zzv, p. 398 (wttb C. Horflt). 
1660. (Annonnoement oO A DistiouarT- of English Snmamea, vol. xzzlz, 

p. 304. 



Treatise on Hatheinatloal Inatrnments used In Snrvejfng, Leveling, and 
AslronoiD7, by F. W. Blmms. Edited with oopioos additions. Balti- 
more: 183S,8vo.; 1S39, 8vo.; 1848, 8 vo. 

TreatiBo on Leveling, bj F. W. Slmms, with large additions. Baltimore: 
1838, 8vo. 

ContribntloDS to a History of the Hetaliargj of Iron, Fart I. Baltimore ; 
1840, 8vo., pp. zziv, 264, plates. 
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Contilbiitione, etc.. Part 11. Baltimore: 1842, Sro. 

iDtro'iUi or, Aute-Commnnion Psalms for Uia Suiida;a uid Holy-diTa 
throaghoat the jMr. PhUadelphia: 1844, 12mo. 

Beport on Standards of Weights and Meaaur^g for the State of Uarjlaud. 
184S, Bro., pp. It, 213. 

Dniversal Dieltonarj of Weights and Heatnras, Aooient and Uodeni. 
Baltlmoret 1650, royal Sto., pp. Tlli, 158. 

Catena Dominitia. Philadelphia: 12nio. 

BeporU on the New Hap of Haiylaad; Anniut, from 1S38 to IMO. An- 
napolis : Pahlio Printer. 



A Dictionary ot Engllah SntnameB. 12 vols., 8to. 

ADotent Koman Samames. 1 vol., 8to. 

Greek OnoQtatolog7. 1 vol., 8^0. 

A Dietionary of the Language of the Lenni-Leoapf, or Delaware Indiana. 

4ta. 
A CoDcordanoe and Analrtio Index of the Book of Common Prajer. 2 

vats., Svo. 
A Handy Book of Parliamentarj Praotice. fivo. 

The Hymns of Haitin Lather, translated Into English, with Hotea. 8vo. 
8nspiria Bsnctoram. A series of Sonnets for Holy-daya all th ongh the 

Introitns, slve Paalmi Davidict. 8ro. 
Uvea of the Cunbists. 
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BIOGRAPHICAL MEMOIR OF WIUIAM CHAUVENET. 



Mb. Prebident and Gentlemen ; 

A single decade hasjuBt closed since the organizatioD of onr 
Academy, jet eiiteen of the original fifty members have passed 
from ns. Some of these had long been laborers and leaders in 
the promotioa of science and scientific investigafions, and all hare 
contributed to the advancement of science and to arousing the 
interest of others iD scientifio pursuits, and have been recognized 
by their worka and merits, as fittingly worthy of membership in 
oor limited band. 

I have now, in accordance with our mles and hy yonr selection, 
to present a tribute to the memory of William Chaovenet, at 
the time of his death Tice President of the Academy. By his 
election to this ofBee, you have yourselves endorsed his selection 
for membership ; and the American Association for the Advance- 
ment of Science has added its verdict by electing him in 1869 as 
its president for the session of the following year. As his friends 
feared, when the time canje, his health had become far too feeble 
to allow of his attendance. Years before this he had been 
elected into the American Philosophical Society and the Ameri- 
can Academy of Arts and Sciences. In 1860 St. John's College, 
Annapolis, Maryland, one of the oldest colleges in the United 
States, conferred open bim the merited degree of LL.D. 

His father, William Marc Chauvenet, was born in Xarbonne, 
France, in 1790. Left an orphan while yet a boy, his education 
was undertaken by two older brothers, then residing in Italy, and 
with considerable wealth. As secretary to one of these, at the 
time a chief commissary in Napoleon's army in Italy, he lived in 
that country during a part of his yonth and early manhood. 
There he found abundant means and time to cultivate a natural 
taste for music and literature. Prof. Chauvenet often remarked 
that his father was his severest musical critic. At the downfall 
of Napoleon he was forced to look elsewherefor means of support, 
and came first to Boston, then to New York, as a partner in & 
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silk importing and maiiufiicturiDg company. But this enterprise 
failed and nearly ruined him finaucialjy. Previous to this be bad 
married Miss Mary B. Kerr, of Boston. He now gave np basi- 
ness. Fancying, from early association with one of his brothers, 
who was a somewhat noted agriculturist near Milan, that he 
would like a similar occupation, be purchased a farm near Mil* 
ford, ID Pike Co., Penn. A brief trial convincing him that be 
could not succeed in this enterprise, he removed to Philadelphia 
in 1821, engaging there in business, and this time with fair sac- 
cess. On the removal of the Naval School to Annapolis, in 
1845, he accompanied bis son, and, as that institution developed 
into its present form, he was appointed Assistant Professor of 
French. This position he held until his death, in 1855. He 
was endeared to those about him by a refined taste, the ameni- 
ties of social life, the singular gentleness and purity of bis cha- 
racter, and the consistency and earnestness, without obtrusive- 
ness, of the religions faitb for which he was noted. He was 
much esteemed and beloved, and bis pupils, ofttimes very trouble- 
some to their instructors of foreign birth, bad not the heart to 
vex or trouble him. 

To his father Prof. Chaavenet owed bis love of music and 
literature. From his mother ho appears to have inherited the 
logical e-'cactness and methodical reasoning powers which are 
tbe basis of mathematical ability. She was noted for her excel- 
lent sound judgment, rarely, if ever, at fault, which, combined 
with tact and etficieney, and a kindly, unselfish diBposition, 
rendered her invaluable as a neighbor and a friend. From her 
many estimable traits of character, she was much esteemed and 
beloved by those who were brought into association with her. 

It was during their brief residence at Milford that their son, 
William Chaavenet, was born on tbe 24th of May, 1820. As an 
only child, he was carefully nnrtured and cared for in Philadel- 
phia, bis home until after reaching the age of manhood. The best 
schools were selected for his instruction. As a boy be devoted 
faimaeif but little to out-door sports, chiefly from the little oppor- 
tunity afforded by a city life. But he early manifested a decided 
mathematical ability and & mechanical knack in his pastimes; 
"his kites always flew well, his fire balloons never failed." Later, 
" mechanical exhibitions of legerdemain would always set him 
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at work to reason oat and finallj reproduce the fer.ta he had seen 
perfurmed, and almost inpariablf with snccesa." 

His teacher for some years previous to bis flnteriiig college 
was Dr. Samuel Jones, then cooducting what at that time was 
eoosidered the beet boys' school la Philadelphia. One of bia 
pupib thus speaks of him : " la his capacity to develop his 
papile' powers, in fact to educate, he certainly was a remarkable 
man." 

Prof. Chaaveitet often said that the country needed more 
teachers like him. It was at the earnest solicitation of this 
worthy gentleman, that Mr. Chauveoet, who intended his son fbr 
a line of business similar to his own, consented tb send him to 
Tale College. His preparation in mathematical studies was not 
only completed, but before admission he had already mastered 
the whole college course in that department At the age of 
fifteen he had no knowledge of Latin or Greek, yet in one year 
he finished his preparation in these langns^;^, with snch success 
Uiat he passed readily the examinatioDs for admission, and at the 
end of his first college year took the first prize for Latin compo- 
sition. During his last years at college he was the only one of 
a class of nearly 100 who took the special optional course in 
mathematics. 

Entering college at the age of sisteen, he graduated in 1840 
with high honors, due nearly aa much to his classical as to his 
mathematical attainments. 

Afterwards, in speaking of bis college life, he remarked that 
it was sometimes a disadrantage to a boy to be too well fitted 
for college, and that in his own case this led bim to neglect tho 
study, which he could always command for the use of the day 
at sight, so that when be graduated h« felt confident he knew 
less of mathematics than when he entered college. 

Yet in his case we need not regret the opportunity afforded 
for other studies. A femiliarity with classical and general 
literature, and with the entire range of the college coarse, and 
the enhsequent symmetry of his intellectual derelopment, were 
valuable results. 

Soon after learing college he wai selected by Prof. Bache to 
assist in tbe series of magnetic obserrations undertaken at 
Oirard College in Philadelphia. The friendship here formed 
between them was au enduring one. In such high esteem did 
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Prof. Cbauveoet hold this friend's judgment, that lat«r in life he 
often consDlted bim, and was more than once (glided by his 
advice. Many of us look back upon the friendly influence and 
goodly counsels of this distinguished man, imparting his own 
interest in scientiflc labors and guiding and assisting in their 
pursuit, as also to his continued friendship, as among the valued 
reminiscences of the pasL 

And here let me allude to another, who at that time was con- 
tributing so largely in awakening on this side of the Atlantic 
the interest in astronomy which resnlted in the establishment of 
observatories, and from which have grown the many valuable 
observations and astronomical discussions which have given a 
high repute to American astronomers. At the time of which I 
speak, the astronomical observatory at the Philadelphia High 
School was established through the labors and under the direc- 
tion of Mr, Sears C. Walker. To him Prof. Cbauvenet, in 
common with others, attributed the direction of bis studies to 
this department of science, and to the vast fund and characteristic 
features of German mathematical and astronomical literature. 

In 1841 he was appointed a profesGor of mathematics in the 
navy, and for a few months eerved on board the U. S. steamer 
Mississippi. A brief trial so well convinced him of the nseless- 
ness, both to himself and to the midsbipmen whom he was ex- 
pected to instruct, of the plan of teaching on ship-board, subject 
to the many inconveniences and interruptiona of alternate life at 
sea and in port, that he decided to resign his appointment. 

Midshipmen were then appointed, many of them as mere boys 
with but little schooling; sea-life first, intellectual development 
afterwards, was the naval maxim then, and with some officers is 
even now. Five or more years at sea, vitfa or without instruc- 
tors, as the case might be, and eight months' study at a school 
on shore, afforded all the required preparation for esamination 
for promotion. 

The naval schools at the three principal navy yards had in 1839 
been concentrated at the Naval Asylum in Philadelphia, nnder 
the charge of Professor David McClure. His death occarring 
in 1842, Prof Chauvenet was appointed to succeed bim, and 
was thus retained in the navy for the valuable services he 
subsequently rendered in developing the present Naval Academy 
from this small beginning. 
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Tonng as he was, younger tbao iubdj of his pupile, he id- 
apired theoi with respect, and awakened an interest in their 
studies, so that soiuething more than a practical acquaintance 
with the rules in Bowditcb's Navigator was attempted bj a few 
better educated or abler than the rest. A course of raathe* 
matical study was arranged, and obtained the sanction of the 
secretary of the nary. In one of his letters, prepared for an 
historical account of the Naval Academy, Prof. Chauvenet 
speaks in some detail of the almost ludicrously insufficient 
appliances and accommodations of the school, adding : " I found, 
however, that it was only uecessary to ask for the necessary 
t^pliances to have them liberally granted." 

The need of an institution for the education of officers of the 
navy, similar to that which bad long been provided at West 
Point for those of the army, bad, almost from the foundation of 
our present government, been urged on the attention of Congress 
and secretaries of the navy. Officers of high standing and of 
several grades were earnestly pleading for it, and some of the 
professors of mathematics bad represented in strong terms the 
utter inefficiency of instruction at sea. But our secretaries of 
the navy were not all to blame for their apparent want of inte- 
rest and neglect of so important a matter. The plans presented, 
many of them crude and imperfect, and almost as various as the 
individuals who offered them, could hardly be digested into a 
system by one in so laborious an office. With some exceptions 
these plans required the action of Congress. The idea that 
snch an institution might be a growth, instead of a creation, was 
entertained by few. 

Prof Chauvenet did not stop with the slight advance which 
a limited eight months' course allowed. He drew up a plan for 
the expansion of the existing school into a regularly organized 
institution, in which all the subjects regarded as indispensable 
in the education of a navy officer were to be taught under compe- 
tent instructors. He represented to the several successive secre- 
(aries (there were many in a few years) that they had the same 
power to send to the school several of the professors under their 
command, as only one, and other officers who might be willing 
to engage in instmction. "The first object was to initiate a suc- 
cessful course of study, and then to ask Congress to snpport it." 

Prof. Bacbe entered earnestly into his views, and succeeded 
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in swtbkenin^ an iuterest in the matter at the Xavj DepartmeoL 
Bat to place midabipmen mt & naval school before going to Be* 
waa too radical a change to be at ooce adopted. A two years' 
course, subsequent to aea-service, was all that was formallj b&dc- 
tioned, to go into effect Id October, by Secretary Hensliaw, bat 
only to be revoked by one of his saceessors. The precedent, 
however, was established, and early in 1845 theee views were 
effectively pressed on the new secretary, Hon. George Bancroft; 
and, the asylum at Philadelphia being needed for the veteran 
seamen, for whom it was intended, the naval school was removed 
to Fort Severn, at Annapolis, Maryland. A board of officers 
entered only so far into the views of its youngest member, that 
a plan was adopted of two years' instruction at the school, a ser- 
vice at sea of two or three years, and a final t^uree of two years 
at the school. But even this advauce was rescinded by a new 
secretary within a year. The old term of eight months was 
restored ; but with great improvement iu the conrse, not only in 
mathematics, bat in providing better instractioo in seamanship, 
and gunnery, and a little mechanics. 

Undiscouraged by these failures, be still persisted, but it was 
not until 1851 that a fonr years' conrse before sea-service was 
adopted, and the Naval Academy in its present form was com- 
menced. And yet it was an imperfect development of his plans. 
The arithmetic of whole numbers, with reading, writing, and 
spelling, were, and even for several years after his leaving the 
Academy, the only requisities for admission, and only within the 
last two years have the school studies of arithmetic, English 
grammar, and geogra]>1iy, which occupied the greater part of the 
first year, been remitted to the preparatory sehools. It fell far 
short of the ideal for which he had been so long laboring. Tbis 
required a much higher standard of admission, a more extended 
course ; and, beyond this, that the chief instmctors should be of 
recognized ability and attainments in their several departments, 
and that the graduates should be brought back, nominally as as- 
sistant instructors, but to give them opportanities (or further 
studies; and moreover that the Academy, by its appliances, means, 
and aids for professional studies, should offer inducements to 
graduates to resort to it for further prosecution of any of the 
subjects which enter into their profession. In his own depart- 
ment he provided for this by the erection of a small observatory. 
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in which were an equatorial aDd a meridian circle bj Repsold, 
the latter coastrocted much after bis own plans, and munifestiDg 
in man; of its arrangements the mechanical tact which bad 
cliaracl«rized him in early life. There were others who sym- 
pathized with his views and aided bis efforts. But bis was the 
gnidiug miud. The Naval Academy ia more indebted to him 
than to any other for its development and organization. He 
availed himself of the opportanities which his position afforded, 
and proved to be the right man attherigbttimein the right place. 

At first ae professor of mathematics and astronomy, later of 
astronomy, navigation, and surveying, be was always the most 
prominent of tbe academic staff. The Academy- derived reputa- 
tion from his recognized ability. His sonnd judgment and just 
appreciation of all branches of instruction and all the wants of 
tbe institution gave to his opinions a controlling weight in the 
counsels of tbe academic board. 

In a term of sixteen years, a large number of olBcers came in 
successive classes under bis instrnctiou. His intellectual abilities, 
his thorough knowledge of the subjects of instruction, tbe wide 
range of bis attainments, a just appreciation of merit, an un- 
wavering integrity, a uniform disposition, never disturbed by 
passionate excitement, and a kindly interest in those with whom 
he was associated, gained the esteem and respect of all. In 
naval circles his memory is revered. 

In the recitation room be was noted for logical esactness, and 
for that peculiar tact, in which many fail, of promptly detecting 
what is in the mind of the student, and guiding bis logical pro- 
cesses without being engrossed by bis own. 

In 1855, he was offered the professorship of mathematics in 
Tale College, but be was not ready then to relinquisli his work 
at tbe Naval Academy ; and again the professorship of astronomy 
and natural philosophy in 1859. This recognition by his Alma 
Mater was a gratifying and appreciated honor. At the same 
time, he was elected to the chair of mathematics in Washington 
University, then recently established in St. Louis by the munifi- 
cence of its citizens. 

Weighing well tbe claims of each, and considering alj tbe cir- 
cnmstances of a connection with either, he decided in favor of 
St. Louis. It was with him mainly a choice, though there were 
other indncements, between an institution recognized aa one of 
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the highest, oldest, and of most repute, and one just beginning 
life, but organized on plans and with a liberal scope which he 
approved, and where conscious Dsefulnegs would be hia best 
reward. 

But he found it necessary to regard the welfare of his family. 
The west seemed to offer a better tield for the future of his bode, 
from whom during their educatioa he did notwish to be separated. 
His long and patient labors in introducing into the n&vy an edu- 
cation deserving of the name, except in the estimation in which 
he was held, had received no fitting reward. At the Naval 
Academy ho had not the means of providing for the educatioD 
of his children, wlio were advancing to an age requiring higher 
and better schools than the Dcighborhood afforded. The fruit- 
lessness of repeated efforts of himself and associates (they had 
but little aid, and even incurred opposition, from others) left 
little hope for the future. Ho felt a strong reluctance to sever 
old tit!S and associations, and left with regret the field to which 
he had devoted the best portion of his life. It is to the discredit 
of the Naval Academy, or rather of those who controlled Its 
interests, that he was suffered to depart without any efi'ort to 
retain him. But his loss was deeply felt by all who bad the best 
interests of the Academy at heart. A few years later, when it 
was restored to its old moorings, from which it had been driven 
at the commencement of the war, and had suffered from want of 
proper appliances and unfavorable circumstances of its location 
in Newport, and many consequent irregQlarities, and the pro- 
cess of restoration hod been successfully commenced, he was 
solicited to return. It needed one of his reputation to restore it 
to iU former repute. But as long as the Naval Academy exists, 
bis memory will not be forgotten. 

Entering with characteristic energy in his new field, he gained 
at once the confidence and high esteem of those with whom ho 
was associated. And in 1862, on the death of Chancellor Hoyt, 
he was chosen Chancellor of the University. His inangural 
address in the following year, on the trite subject of education, 
evinces a breadth of philosophic thought, and a just appreciation 
of all departments of inquiry in nhich the human mind can enter, 
which render it well worthy of attention. In the organizing and 
superintending the several schools of instmction, and in his own 
special department, his memory claims and receives a lasting 
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tribute of gratitnde from the Ariends and supporters of that impor- 
taut aod riBiDg institntioQ. 

Unhappily, in the spring of 1864 his health gave way, and, tra- 
velKng in Wisconain and Minnesota with hope of restoration, he 
was Buddenly recalled to St. Louis by the death of his mother. 
The following winter and spring were spent in Minnesota, and 
he was ao far restored that he was able to attend the meeting of 
oar Academy at Northamptoa in Angast 1865, and in the fall to 
resume bis dnties at the University. The trustees had showed 
their appreciation of his worth by not accepting his previous 
resignation. 

He devoted himself agsidnously to hia duties; but, his health 
again failing, he was obliged in 1869 again to relinquish them 
and resign his position. Passing the summer in Colorado and 
Minnesota, and the following winter in Philadelphia, in the spring, 
by the advice of his pliysiciaus, he wont to Aiken, S. C. But it 
was too late ia derive bcnclitfrom that beoign climate. Return* 
ing to St. Louis, and thence to Minnesota, where he had previ- 
ously been so much benefited, he finally closed a laborious, useful 
life at St, Paul, Minnesota, on the 13tb December, 1870, in the 
61st year of his age. 

In developing and giving character and reputation to two dis- 
tinguished educational institntions, he had done a noble work. 

His professional duties were at all times arduons. At the 
Naval Academy, ofttiraes four, and sometimes six hours a day, 
were reqnired in the recitation room ; yet be found time to pre- 
pare a work on trigonometiy, published in 1850, which has been 
jnsti; spoken of as " an important addition to our mathematical 
literature, being tlie most complete, treatise on trigonometry 
estant in the English language.' While it contains every- 
thing useful to the mathematician and astronomer, the more 
elementary portions of the work are easily distinguished by the 
large type in wfaich they are printed, and form of themselves a 
connected treatise, adapted to the wants of the young student." 
Tet it pnrsucd the subject to its higher developments, supplying 
almost every want in astronomy and geodesy, and of those who 
required trigonometrical analysis in its varied forms as an 
instrument of investigation. It introduced the American stu- 

■ Joam. Frank. lost., vnl. xs., 3d B«riM, p. 216. 
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dent to the metbodB of the German scbool, noted for the rigor 
and generalization and ezhaastive chaiacter of its diBcasslons, 
ftnd to many topics wanting in all the text-books in the highest 
colleges in this conotry and in England, and found by oar 
mathematical stndenta only in GermBQ, French or Latin. The 
OausBian equations, the finite variations and differentials of 
trigonometric expressiona, tbe solntion of the general spherical 
triangle, and the development of several functions into series of 
multiple angles, are instances most readily noted. What was 
found in many books was digested into a connected treatise, 
remarkable for its symmetry, its thorongh exactness, and the 
clearness, conciseness, and purity of language of every expres- 
sion. It is the only text-book in any branch, I have ever ased, 
which I never criticized or fonnd fault with. After the writ- 
ings of Cagnoli, Gauss, Bessel, and others, it was hardly to bo 
expected that anything new could be developed. Tet there are 
not a few topics which are new, and others in which he improved 
the discussions of these great masters. 

At tbe time of its publication trigonometry in many of onr 
colleges was restricted to the simple cases of plane and spherical 
triangles, by the trammelling geometric processes. Analytical 
trigonometry was bnt little known except to those eng^ed in 
astronomical or geodesic work. This book supplied a pressing 
need of the times, and, as a classic and complete work on the 
subject of which it treats, it will be long before it is superseded. 

His manual of Spherical and Practical Astronomy was com- 
menced at Annapolis, bnt completed at St. Louis, and, throngb 
tbe commendable liberality and appreciation of his friends in that 
city, published in 1863. In spherical astronomy it embraces all 
tbe topics which come up in the work of an observatory, or in 
astronomical work on land or at sea, and each is treated with 
tbe exhaustive generality and mathematical rigor of the German 
school. The whole is wrought into a symmetrical treatise, 
remarkable for its clearness and simplicity, and which could only 
be the work of a master mind, fully conversant with tbe subjects 
which it discussed. As has been aptly said by one well able to 
judge, " It represents astronomy in its most modem and per- 
fected forms of research. Many of its investigations are either 
wholly or in part original, such, for example, as some of the 
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formulie for latitude aod edipsea, occultatiooa of planets, im- 
proved method of lunar distances, etc." 

The second volume on Practical Astronomy evinces the flame 
completeueBS and thoroughness of analysis. It discusses, in an 
elaborate and exhaustive manner, all the best iostruments used 
for astronomical observatioDS, whether in the higher observatories, 
or in the more modest work in the field or at sea. An appro- 
priate chapter on the method of least squares is added, in which 
the subject is treated with a perspicuity, and freedom from the 
mystery in which it has been shrouded, found nowhere else. 

Each chapter is a monograph by itself, but here treated in unison 
with the rest, and with a noted symmetry. The theory of each 
instrument is admirably discussed, with all its needful append- 
ices. It is not a minute description of a particular instrument, 
with its peculiar arrangements, but of its essential parts, while, 
as also in the first volume, there are man; valuable suggestions 
and examples, illustrating what is needed and what is best in 
practice. It may need extension, as many subsequent improve- 
ments demand, but as yet it stands for above all others in the sub- 
jects of which it treats. 

It is deeply to be regretted that failing health prevented his 
taking up another department of practical astronomy, which 
relates to the orbits and perturbations of the various bodies of 
our solar system. But another of our associates, Prof. J. C. 
Walton, with the exhaustive processes of the same school, has 
supplied this want.' 

It is a marked evidence of the advancing progress of science 
among ns, that each of these works, published as a hazardous 
experiment and with the sappoaition that few copies only wonid 
be required, has met with an increasing demand from year to 
year. The Astronomy is called for as much ajiroad as here. 
Both works exhibit a rare combination of the able mathema- 
tician, the skilled observer, and the expert instrnctor, fully appre* 
elating the wants of the student 

In his early years at Philadelphia (1843), he published a work 
on the theory of logarithms, far more extensive and elaborate 
than what is found tn our college text-books. It manifests the 

' Am. Jonni. of Scl. and Arts, xxxvl., 2d Series. 
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same tboroughneBS and esactnesa wliicb are conspicaoua in bis 
later wriliags. 

Several papers, chiefly od trigonometrical and astronomical 
problems, appeared at various ticiea in the Etientific journals. The 
most noted is on lunar disiaaccs, Bubsequoittly incorporated Id 
his Astronomy, which, while equally rigorous with that of Bessel, 
was adapted to tbe usual tables in the British and Americau 
Epbetucridea, and so simply and admirably arranged, that the 
non -math era ati cat navigator could n^ bis method with almost 
equal facility aa tbe imperfect processes usually employed. 

In 18S4 he devised and bad constructed a "great circle pro- 
tractor," by ivblcb at sea the course in a great circle conid be 
determined with almost as much ease, as on a rhumb-line by a 
Mercator chart ; and spherical triangles could readily be solved 
to the nearest quarter of a degree. This drew largely on his 
pecuniary resources, from which, a long time after, he was only 
partially relieved by ils pnrehnse by the hydrographic office. 

At Philadelphia, in tbe last winter of his liftf, and when 
physical failing might well excuse from intellectual labor, be 
occupied himself with completing and publishing a work on tbe 
Elements of Geometry. It would seem as though an addition to 
the numerous books of this class was hardly needed, and could 
offer nothing new. Yet, following the system of Legendre, he 
wrote the whole in his own clear, precis© stj'le, improving wher- 
ever improvements could be made, and occasionally introducing 
a new proposition or a new mode of solution, and enlarging the 
limits of this fundamental branch. Tbe addition of judiciously 
selected problems to be solved by the pupil supplied a needed 
want. E:icellent as are some of the books on this subject which 
preceded it, it is an improvement on them all. It is more that 
it was tbe closing labors of bis life that I speak of it here; but 
let us not forget, that, nest to those who are directly laboring to 
extend and advance science, they contribute to its progress who 
prepare fitting aids to the young beginner, and remove tbe diffi- 
culties in his way. 

In bis youth he had become an expert performer on the piano, 
and, even up to the time of his leaving college, tho strongest of 
all bis tastes was for music; and he pursued its study, with char- 
acteristic earnestness and thoroughness, with the idea of devoting 
himself to it as a profession. Happily be was dissuaded from 
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this, aod mAthematical studies became bis life work. But fats 
love for music coDtiaued, and hia eothasiasni aud iDterest in it 
were marked chara<:teristics up to the dose of life. As ouly hours 
of recreation could be devoted to it, he coufincd himself to that 
whiob was of a dnssical diaracter. Becoming acquainted with 
the works of Beethoren, he studied the interpretation of ihem 
with such success, that hia rendering of them was always listened 
to in social circles with a «itence which few others could coni- 
nand. , Many declared that they never undfirstood or appreciated 
these noble compositions until tbey heard them as rendered by 
him. As a musical critic, mere execution never satisfied him. 
It was not the artistic skill of the performer, of however high an 
order, but the music itself which roused bia enthusiasm. In a 
letter not long before his death, after listening to Adelaide, a 
song by Beethoven, aa sung to his accompaniment, he saya, "It 
was tame as moouliglit, where it ehould burn like a mid-day son. 
I have never yet heard this song sung, except in my own soul. 
Can it be snug by the voice?" Again, after hearing a violin and 
piano sonata of tho same great composer, he writes: "It was 
another revelation to me of Beethoven's many-sided nature. The 
Scherzo has haunted me ever since, and as I write, my pen will 
move only to the rhythm of it Another played from Chopin and 
Mendelssohn, but everything palea before Beethoven's glorious 
effulgence." 

In the various social circles iu which be moved at different 
times, his society was always prized. Tho charm of his power 
of musical entertainment was fully sapplemented by tho wide 
range of subjects in which he was at home, for whatever he read, 
be read thoroughly and well, so that it became hia own. In the 
more limited circle of intimate friends, his warm heart and affec- 
tiouate interest, and judicious counsels, when needed, made him 
an invaluable associate, and there are many who have deeply 
deplored his loss. Charitably overlooking their faults, he con- 
stantly and unconsciously set before tbcra an example of a life 
governed by elevated principle, and exhibiting a constant uni- 
formity of disposition, never yielding to impulses and passions, ' 
and rarely if ever at fault. Such a one could have no enemies. 

In his family the warmest traits of his character were con- 
stantly exhibited. In 1842, soon after taking charge of the 
naral school in Philadelphia, he married Miss Catherine Hemple, 
2U 
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of that citj. It was a nnion of affection, whiclt continued 
tbroDgh bis life, and, according to tbeir religions faitb, is not 
ended yet. He was devoted to bis children, eveo in most labo- 
riouB days, finding time in their childhood to join in their 
sporta and contribute to their amoscDieot, and in after years to 
gnide their reading and studies and direct tbeir tastes. He was 
their companion and friend. 

Besides bis wife, a daughter and four sons survive him. Tbe 
former inherits bis musical taste and ability, one of his sons is 
devoting himself to chemistry, and is state chemist of Missouri ; 
the others, still young, are promising careers of nsefnlness. They 
all have DDr earocEt sympathy in the loss they have sustained. 

With his parents, be was a reader of Swedenborg and a 
believer in bis doctrines. But a Swedenborgian in the sense of 
a belief in Swedenborg as the only gnide of faith, he certainly 
was not. He admired his writings, and found in them a breadth 
and extent of philosophic and scientific thonght, which accorded 
well with bis earnest character. NuUitis jurare in verba 
magistri was a maxim of bis life, and he brought all religious 
thonght to the test of the written word. He never obtruded the 
pecnliaritiea of his faith on those who differed from him. But, 
in his constant, unswerving religious life, he manifested hia 
earnest faitb in the religion which he professed. 

Inhisinanguraladdress,alreadyreferred to, hesays; " Alledn- 
cation must have reference to man's destiny as an immortal being. 
If there is no futnre life, if all man's future hopes and aspirations 
are bounded by the finite horizon of this material existence, there 
is nothing left us but to enjoy the greatest amount of physical 
and intellectual happiness possible ; and the only education de- 
sirable is that which teaches us the condition and limitation of 
human enjoyment." " If man is immortal, the education which 
he receiTCB here must be but the first step of an indefinite pro- 
gress. We are not to think of him as becoming immortal after 
death, hut as immortal here and now." This close linking of 
our life here with that hereafter, and our intimate connection with 
the spiritual world, characterize the school of religious thonght 
which he had embraced. This was his firm belief, and bis whole 
life was consistent with such elevated and elevating faith. And 
in this be saw nothing inconsisteut with tbe highest development 
of our mathematical, physical or natural science, but that it pre- 
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sented a different field of thought and sentiment. Those aad 
other teachings of the sacred Scriptnres he regarded as adapted 
to man's spiritual nature, and necessary to his highest wants. 
Can we afford to ignore them, constituted as we are bj our Crea- 
tor? He has passed from earthly life, with firmly groo&ded 
hope aad aspirations for that higher life. 



I append the following list of his published works and 
papers :— 

Binomial Tbwrem and Logarithms Tor tbe oae of the Hldshipmeu at the 

Naval SobMl, Pbllad^tphla. I^iiaddphia, 1843, pp. 92. 
SolDtlon t« a Cue ot Salllog. Amer. Joarn. Set. and Arit, zIt), 1844. 
On the Uetbod oT Determining tha Oeographloal Lattlode \>j AlUtnde of 

tbe Hood. Amer. Joan. Sei. and ArIt, llll, 184&. 
On Lnnar Dlitanoei. Ptoe. Amir. Auadiaion, 1B50. 
A Treatlae on Plane and Spherioal Trigonometry. Philadtlpkia, 1S6D, pp. 

25S. 
On Unlimttod Spherioal Triangles and their Bolation. Gould't Art. Jimrn., 

1, ISSl. 
On th« Emplo^meDt of the Theorem, "Small Angles are Proportional to 

tbeir SinM." QtnUd-t Art. Joum., I, 18S1. 
On a New Itetbod of Correcting Lnnar DUtanees for Parallax and Eefrao- 

tion. GonttCt Art. Journ., ii, 1852. 
Tabtea for Corrratlng Lanar Diatanaea. Amtr. Ephemeru and NaMieal 

Almanac, IB6S; ie!>2. 

Improved Method of Pindiiig the Error and Bate of a ChmnoTaeter by 

Eqnal Altitudes. Amer. Ephemerii and Naalicai Almanac, 1858; 

Proe. Amer. Aaociation, 1853. 
Some New Formnlaa of Spherioal ABlrODomy. Gou/^)jlrl.Jtivn., Ill, 1854. 
Note on the Bolntion of some Trlgonometrloal Equations by Series. 

ffouU'i Art. Joan., ili, 1854. 
A Simple Method of Correcting the Common Nantioal Method of Double 

Altitudes of the Son, Moon, or a Planet for tbe Chauge of DeoUnation 

between the ObMrratlons. Proe. Amtr. Ameiation, 1856. 
On a Method of Determining tbe Latitude of a Plaoe ttotn the Observed 

Times, when two known Stars arrive at tbe eamo Altitude. Proe. 

Amer. AuociatUtn, 1856. 
On the Method of Finding the Longitade of a Place by Tranilta of tbe 

Moon and a Star over tbe same Tertioal Clrole. Gould"! An. Jonrn., 

V, 1858. 
Note on the Projeotlon of a Qreat Clrole of a Qlobe on a Meroator Chart. 

Math. Monthtg, 1, Cambridge, 1860. 
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On tliit LocDS of Perpendicular TaDgentt to aof Couio SectiOD. Math. 

MonMs, ii, Cambridfii!, 1860. 
A Hanual of Spberical and Practical Astronomy, vol. i, Spherical Astro- 

DOmj, pp. TOS ; vol. Ii, Tbeorj and Uae of Astrocioniiaal InBtnimenta. 

Uetliod of Least Squares, pp. 632. Philadelphia, 1863. 
A Treatise on Elementary Geometry, with Appendices oontalning • Col* 

leatioQ of Ezeroises for Slndenls and ao iDtroduction lo llodero 

Oeomiitrr, pp. 368. Philadtlphia, 1870. 
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BIOGRAPHICAL MEHOIE OF JOHN F. FRAZER. 



In accordance with the wish of the Society, expressed at the 
meeting of October 18, 1S72, 1 have prepared the fuliowiag Wef 
memoir of Joho F. Frazer, LL.D., Profesaor of Natural Philoso- 
phy and Chemistry id the University, aud who held snccesaifely 
the oCBcea of Secretary and Tice-President in this Society : a 
man of eminent scientific and general culture ; of singular truth- 
fulness of speech, aud integrity of conduct; a devoted lover of 
consistency in action, and strict performance of duty; virtues 
which he exemplified in himself and sought for in otbers. 

He was therefore respected hy his acquaintances, and beloved 
by bis friends, with whom he interchanged a strong and unselfish 
aSection; one who will live in the memory of those admitted to 
his intimacy, as of those who have had the good fortnue to sit 
under his instraction. 

John Fries Frazer was bom in Philadelphia, July 8, 1812, in 
Chestnut Street, nearly opposite Independence Hall. His father 
was Robert Frazer, a brilliant and successful lawyer of that time, 
who married Elizabeth, daughter of John Fries. 

He was grandson of Lieut. Col. Persifor Frazer, an active 
officer in the Revolutionary War. 

Daring his childhood, being placed at school in Philadelphia, 
be was always among the leaders of his classmates, both in the 
serions pursuits of the hours of instruction, and in the athletic 
sports of the recesses. After a year spent, about 1822, at the 
qaosi-military school of Capt. Partridge, in Connecticnt, he com- 
pleted his boyish education under Dr. Wylie, and entered as a 
student in the University of Pennsylvania. 

His acute powers of obaervatioa, and the indications of tme 
and manly qualities soon attracted the notice of Prof. A. D. 
Bache, under whose instruction he now came, and whose influence 
tended to the development of those scientific tastes, which eventa- 
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ally became the foundation of bis continuODS work in life. The 
relations thus established between professor aud pupil, resulted, 
as is rare iu the United States, in a tender and permanent aOec- 
tion, which will be referred to at greater length hereafter. 

While acquiring his scholastic. education, be had the benefit 
of the most thorough old-time training, which could be obtained 
in the family of the Ilev. S. B. Wylie, D.D., "aud in company 
with his sons, lie had been drilled iu the classics aud mathematics, 
in a style unknown to these degenerate and superficial days.'" 

During his boyhood and adolescence, he was chieBy under the 
care of his maternal grandfather, John Fries, and afterwards 
under the general care of Charles Roberts, the father of onr 
fellow-member S. W. Roberts, and of his brother-in-law, the late 
John Rhea Barton, M.D. 

While passing through the academic course of the University 
of Feunsylrania, and for some time after graduation, he acted 
as the laboratory assistant of Prof. A. D. Baehe; and in this 
function he aided in determining " with accuracy, for the first time 
in this country, the periods of the daily variations of the magnetic 
needle,'" and the connection of the aurora borealis with magnetic 
forces. 

An additional training in physical and natural ecience was 
obtained while he held the poi^ition of assistant in the tieological 
Survey of Pennsylvania, under Prof. H. D. Rogers, in 1836. 

About this time he perfected his youthful education by a course 
of law, in the office of John M. Scott, at the end of which he 
was admitted to practice. 

The practice of his profession soon became less attractive than 
the more laborious, though less remunerative intellectual pursuits, 
which he had cultivated under the instruction of Prof. Bache. 
For some time he was Professor in the High School of Philadel- 
phia, when the Professorship of Chemistry and Physics in the 
University becoming vacant by the resignation of Prof. Bache, 
Mr. Frazer was cbosen to fill the chair. He was then the 
youngest member of the faculty, aud continued to hold the posi- 

I Penn Monthly, Nov. 1872, p. 630. 

» Balogy of Prof. A. D. Bwbe, by Prof. Josepli Henry. Eoport of 
Smithsouian Institatlou, ia70, p. T. 
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tiou DDtil hie death, when he was the senior ProfesBor, and had 
been for many years Vice-Provost. 

He now devoted himself moat industrionsly to filling the duties 
of his professorship, and ita collateral occupations, among which 
were many couraea of lectures on various branches of physical 
and chemical science at the Franklin Institute, and the editorship 
of its Jonrnal, from the year 1850 to 186C; the pages of which, 
during those seventeen years, bear evidence of his extensive 
reading and judicious selection from con tempo raneons scientific 
journals of both continents. 

He was elected a member of the American Philosophical Society 
in 1843, and was soon honored with an official position, being 
made Secretary in 1845, and Vice-President in 1855. He 
remained in office until the end of 1858, when owing to some 
unhappy differences which then distracted the Society, he reaigned. 
He waa re-elected in 186T, and was afterwards frequent in his 
attendance at the meetings, taking part in the discussioDs which 
occurred on matters of science and business. 

He was oue of the fifly original members of the National 
Academy of Sciences, chartered in ISC3 by the Government of 
the United States: an institution iutended to represent the 
highest scientific culture of the country. The members are 
pledged to make reports, without compensation, on all subjects 
of science, on which the opinion of the Academy is required by 
tie Government. After remaining an active member for several 
years, and serving upon committees, he retired to the grade of 
honorary member, to make room, as he said, for some more 
energetic investigator, better entitled to the place. 

The labor of teaching such comprehensive branches of science 
as Physics and Chemistry, became greatly increased by the rapid 
developments of modern research, and at length the symptoms 
of over-fatigue manifested themselves. An obscure affection of 
the liver had afflicted him for several years, causing frequent and 
constantly increasing fits of fainting, accompanied with great 
bodily prostration. In 1856 he was ordered by his physician to 
seek, in a four months' trip to Europe, a relief which bis family 
and best friends hardly dared to hope would be afforded him. 
The effect of this brief relaxation was marvellous: not only was 
he enabled to resume bia dntiea the following autumn with renewed 
vigor, but the fainting fits did not recur, except in one or two 
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isolated instances, and the development of the hepatic disease 
seemed to be permanently arrested. Other and equally serioas 
affections resulted from the excessive work to which he again 
applied himself during the next eleven years, so that anotiier trip 
to Europe was advised in 186T. This time, sixteen months' rest 
from the labor of teaching and freedom from anxiety so far 
restored his health, that on his return, in the autnmn of 1S68, be 
was again able to resume the full duties of his cbair. 

These he coutinued, without intermission, other than that 
afforded by the usual vacations, until October 12, I8T2, the day 
following the inauguration of the new University Building, in 
West Philadelphia. He bad taken great interest in this improve- 
ment of the institution to which be had given the best labor of 
his life, and had patiently looked forward to It for opportonitiea 
of larger nsefulnesB. 

Xever, as I have been told by those that saw him on that and 
the preceding day, had he appeared in better spirits, never more 
cheerful, allbough the unusual labor connected with the organic 
zation of his departments, and the transfer of the apparatus, with 
bis large scieutiGc library to the shelves in the new building, had 
entirely exhausted him. 

Without premonition of cardiac trouble, which, indeed, though 
suspected, bad never given him any serious inconvenience, and 
was disregarded in consequence of the graver hepatic disease 
above mentioned. Prof. Frazer, although much fatigued by the 
ceremonies of the inauguration of the previous day, went to bis 
laboratory, and having ascended a flight of stairs leading to the 
apparatus room, dropped suddenly from exhanstion of the heart. 
Death was instantaneons and although assistance was quickly 
rendered, all attempts to restore life failed.' 

Having thus mentioned the more prominent events in the public 
life of our deceased associate, it becomes my more diCBcnIt and 
delicate duty to give an analysis of his character, and to exhibit, 

I B7 a, melanoholf colDctdeiioe, thti Bad «veDt took plaoa on the vei7 
day on whtob tlie writer of tbls memoir retnnied aftar a three jotn' 
abBenoe, Id the ezpeotation ot renewing the warm and long friendihip 
whiob had thus beeo Intermpted. It was a painfol preeliDg on arriving 
at home, inilead ot teeelvltig the hearty graep of affeotion, to aee the dis- 
mal badge of woa on th« resldenoe or thia valued Mend. 
250 
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{n howerer an imperfect manner, the deTelopment of the life of 
nsefulneae 80 &braptlf terminated. 

The graceful tributes to the memory of Prof. Frazer by those 
who were closely associated with him in bis professorial labors,' 
leave but little to be added by the pen of one far behind them in 
scholarly practice and elegance of diction, though yielding to 
none in his affection for oar lamented friend. 

Possessed of great animal spirits, with the nsnal concomitant 
of restless actirity, and inheriting from his grandfather an ample 
competence, even the great moral povrer latent in his brain, at 
the completion of his profcEsional education, might hare served 
for less useful purposes, had it not been for his fortunate attach- 
ment to Miss Charlotte Cave, daughter of Thomas Cave, to 
whom he was married in 1838, at the beginning of his scientific 
career as a professor. A union which continued during his life, 
with singular devotion and affection on both sides, and with an 
influence for good over each, which may be seen but rarely even 
in Hie most happily concnrrent dispositions. Two daughters 
and a son are the issue of this marriage, of whom the last has 
recently been appointed to the cbair of Chemistry, resulting from 
a division of the functions left vacant by the death of his fother. 

Next in importance to the domestic influence by which he was 
thus controlled, most be mentioned a very potent encouragement 
resulting from friendship. 

Prof. Frazer combined to a rare extent, correct (esthetic per- 
ception with high intelligence, ease in acquiring knowledge, re- 
tentive memory, great industry during the hours of labor, and a 
strict sense of moral responsibility. These elements of a power- 
ful, useful, and conscientious mind, early attracted the notice of 
Prof. A. D. Bache, the master spirit of American science in those 
and later days. Under the genial influences of this interest, the 
somewhat untamed vital energies of youth were directed to the 
steady and laborious scientific pursuits of adult age. 

It was the happy faculty of our great leader, Prof. Bache, to 
bind to him by most affectionate ties many of those who had been 
nnder his instruction, and it is not surprising that the regard for 

■ Vid« Penn If onthir, Nov. 1872, p. 629, tor a tonablng edttortal ; ibid., 
Deo. 1B72, p. 728, for fnll reports of the eloqoent remarks at the raoalt; 
meeting of the ITDiferaU^ by Profesaora Allen, Kntntb, Lesley, and Jaekson. 
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the tutor and professor of his youth ripened in the soul of Prof, 
Frazer into reverence and affection for the friend of bis mature 
life. 

Thus protected by love, friendship, and a strong eense of duty, 
he commenced the tabor of life, and soon acquired by industry 
and intelligent facility of communication, power as a teacher in 
physical and chemical science which has been rarely equalled, 
and never excelled in Philadelphia. "His mind was quick in its 
action, and penetration beyond esample. ^o man ever mastered 
a subject more rapidly, or could explain it more clearly or grace- 
fully to others. '" " He introduced a thousand anecdotes into bis 
lectures, not only for the purpose of keeping the attention of his 
scholars awake to the subjects ia hand, but to imbue their imagi- 
nations with that perfect fairness of judgment and complete col- 
lation of the knowledge of men of the past with that of men of 
the present, by which alone a philosophical character of mind can 
be formed. This made him a distinguished teacher, and won the 
conGdence as well as excited the admiration of students.'" 

As lecturer at the Franklin Institute he was equally fortunate 
in the lower, though perhaps nearly as useful sphere of popular- 
izing the difierent departments of physical science, and rendering 
them comprehensible to persons who had not the preliminary 
academic training of college students. 

During years of laborious teaching he found opportunity to 
accumulate, and leisure to read (in addition to bis special library 
of 2500 volumes), a large miscellaneous library, which filled one 
of the most extensive rooms in his house ; and I may freely say 
that I have known few men who could recall, when occasion 
required, the material derived from such varied and extensive 
reading. To him could not be applied the ancient and frequently 
correct text, " Some there are who possess books, and others that 
understand them,'" and on many occasions, when enjoying, with 
other students of science, a discussion on some obscure point of 
aucient lore, scientific, religious, historical, or metaphysical, it 
mattered not which, I have been amazed with the readiness with 
which he would deGne the vague impressions of our somewhat 

I AlUn, Penn Monthly, I. c. snp. 878. 

• Lealoy, Penn Monthly, 1. o. Bnp. p. flBl. 

' MababhuratK, Book I, Sention 1 (.4 nnaUot Oriental Literature, t, p. 69). 
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treacheroQS memories, by turning to the exact page of works 
rarely referred to, aod give as the precise informftCiou desired. 

He could most happily combJae the severe labors of academic 
teaching with induBtrious etady, and with entire relazatioD in 
the hours taken for social or domestic enjoyment, a power rarely 
found here, thoagh not aDfreqacDt in older communities. 

It was by this happy union of qualities that he was enabled 
not only to keep himself well informed in the progrees of nearly 
every branch of science, but also to retain the results of the 
classical instruction he received in hia youth from Dr. Wylie. 

Quickness of thought, great power of conversation, courtliness 
of beariog towards women, and brilliancy of wit, made him a 
most attractive member of society; while the genial manner in 
which his house was open to his friends on one evening of the 
week, brought around him a circle of laborers in intellectual pur- 
suits. It was seldom that men of science from other States or 
countries visited Philatlelphia without having a welcome in those 
weekly gatherings, giving and receiving instruction and sympathy 
in their respective investigations. 

While the country suffered from the unhappy strupgle which 
SO nearly produced either its disruption or its entire destruction, 
Prof. Frazer'8 adherence to the cause of the Government was 
most Btrenaous. Though age and ill-health combined to deprive 
him of the privilege of active military service, he was among the 
warmest supporters of the military measures rendered necessary 
by the colossal proportions of the war. He was one of the early 
members of the Union League — at that lime a most valuable 
and unpartisan agent in giving national effect to local patriotism. 

On religious subjects the information of Prof. Frazer was 
almost as extensive as on those which engrossed his daily at- 
tention. Under Dr. Wylie he had read a moderately complete 
course of theology, and was as familiar with the books of the 
Bible, biblical commentaries, and ecclesiastical history as with 
any other part of his library. 

While thus thoronghly acquainted with the varieties of theo- 
logical opinion which divide the various sects composing the 
Christian Church, he was, wilh the modesty inherent in many 
men of thoughtful mind and earnest intellectual work, not disposed 
to obtrude his own personal views, or to take part in any argu- 
17 2W 
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ment in favor of the ejicellence of one Gectarian formula orer 
aootber. 

It IB also true that hia predilection for the Society of Frieods 
rendered him indiffereot to the doctriues and human contriTaoces 
by which religious bodies are differentiated, under the gradually 
increaBLug influence of higher truth upon social eTolution. But 
this very fact only made him more sensitive to the great priuci- 
ples of conduct and feeling which nominally underlie the various 
religious strnctures of modem civilization, and to the necessity 
of practising in himself and exacting from others an intelligent 
and consistent recognition of these bases of all vitality of the 
soul. Judged by the standard of conduct, which is the evidence 
of inward spiritnal light. Prof. Frazer was as eminent for hia 
moral as for his intellectual qnalitiea. 

Tlie effects of hepatic disease upon the manifestations of moral 
qualities are well known to every medical man, and it is not sin- 
gular that despondent; feelings, accompanied with great suffering, 
occasionally overcame bis nnusually buoyant natnre, and pro- 
duced at times a quickness of manner and a petulance of language 
which donbtless gave offence to persons who were but slightly 
acquainted with him, and caused him to be occasionally harshly 
judged. But those of us who knew him closely, knew also that 
these were but the momentary effects of pain in a highly enscep- 
tible and active organization, which he endeavored to control, 
though naturally withont constant success. 

In hia charities he was liberal and nnobtrnsive ; ever ready to 
relieve distress according to his ability; always willing to work 
for the interests of even an indifferent acquuntanee, when some- 
thing useful or commendable was to be effected. His maxim was, 
never to neglect what seemed to be the duty of the moment — not 
to put off the occasion of usefalness' that it might recur at a later 
period. It was a favorite illustration from physical science with 
Prof Frazer, that much of the wrong done in the world was not 
intentional, but occnrred from inattention to moral parallax — 
that is, by not recognizing the relative importance, subordination, 
and temporary variations of the manifold duties devolved upon 
each member of the human family. 

" He was a fanatic for truthfulness and fair dealing in science 
and in everything else, and could not comprehend or make the 
least allowance for circumstances that threatened to compromise 
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right and wron^ Perfectlj feariess himself, and worshipping 
pluck and courage &b the chief hnmsn Tirtnee, he gave no qaarter 
to the very shadow of equivocation or unfairneea, uo matter whom 
it concerned. '" 

It should also be obaerred, that although Prof. Frazer, judging 
by the history of former systenis of thought, was not inclined to 
adopt as Gnal truth what may prove to be merely echolaslic 
teaching or glosses upon mediieTal tradition, he was equally 
indisposed to cast aside the foundations of thought, resting upon 
time-honored belief and long experience, in favor of new systems 
of philosophy, in which the last half century hsiS been bo fertile. 
He required, before a proposition should be received, before it 
should be allowed to take the place of what preceded, that the 
facts upon which it was supposed to rest should be well estab- 
lished. A mere hypothesis, however specious, however ingenious, 
however pleasing to the vanity of human intellect, by explaining 
to humblest comprehension things not yet within the scope of 
our highest investigations (tbongh perhaps quite so in the not 
very remote future), could never with him take the place of 
actual science. 

To superstition on the one side, to rash and ambitions general- 
ization on the other, as to all pretensions and shams of whatsoever 
nature — scientific, social, political, financial, or religious — he was 
a most severe enemy; and it was these things, or rather sem- 
blances of things — ^the spectres which atBict and deform our rela- 
tions with others — that drew out the hitter denunciations which 
I have allnded to above as being intensified by the pains of dis- 
ease, thongh having a natural origin in the honesty of his nature. 

On the other hand, I have never beard from him, even in 
moments of severe suffering, anything that was intended, and very 
rarely anything that could be construed as personal. Hia criti- 
cisms, like those of the bigbest and best examples of conduct, 
were aimed at classes or groups of persons, looking rather for 
improvement in motive of action than t« punishment for indi- 
vidual offence. 

Oq the Monday after bis death, Oct. 14, 18T2, the Faculties 
of Arts and Sciences of the University met to do honor to his 
memory. Eloquent addresses were made by several of his col- 

' Lesley, 1. 0. enp. p. SI. 
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leagaes, and a series of resolutions were adopted, expressing the 
severe loss, both to the ineiitation and the community, in the 
death of Prof. Prazer. Similar action waa taken by the Society 
of the Alumni, and on the next day the body was followed to the 
grave by an unusually large and respectable assemblage. 

Thus has passed from qs one of the most highly educated men 
with whom it has been our privilege to associate — a sad loss to 
ua, and equally so to the community in which, and for which, he 
labored with his vast accumulations of knowledge. Without 
ambition or vain-glory, he was content to give hia vrhole attention 
to the somewhat monotonous routine of immediate dnties in the 
city, and to be known in the greater world only to those with 
whom congenial diBpoeitions, similar pursuits, or the acciiJents 
of travel had associated him ; a combination of modesty, intellect, 
and conscience rarely to be seen. That those who come after us 
may find in their time an example of equal merit in these quali- 
ties, is the fervent wish of all who mourn his lost friendship. 



Note. — Tha above msmoir wm originally prepond (or the 
Fhllosoidiloal Society, and read before that bodf on Apiil 4, 1873. 
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Mb. Prebtobht and Gbntlemen: — 

Among the sad losxeB which Bcieoce and the Katioual Academj 
have Eostaioed daring the year jast elapsed, we have to record 
with deep regret that of our esteemed collcaf:ue, Jameb Henry 
Coffin, LL.D., late Prof, of Mathematice and Astronomy in 
Lafayette College, at Easton, PennsylTania. His untiraely de- 
parture is the more to be deplored by us, because he was, at the 
time of his death, engaged in summiDg up the results of long 
yearB of patient study in a department of scientific inquiry whicll 
has, as yet, few represent at ives among our members. 

Professor Coffin was born in Williamsburg, near Northampton, 
Mass., on the 6th of Septembcv, 1806, and died on the 6th of 
February, 1873. He was a descendant, in the fifth line, of Tris- 
tram Coffin, the first owner of the Island of Nantucket, who 
traced bis anceetry to Sir Richard Coffin, Knight, one of the 
companions of William the Conqueror of England, in 10G6. He 
tbns belonged to that hardy, persevering, and intelligent race of 
New England pioneers, who have done so mnch to mould the 
character, and advance the civilization of the American nation. 

The sterling and efficient qualities of his race were exemplified 
by Prof Coffin throughont his laborious life. Left an orphan, 
he was educated by his nncle, tlie Rev. Moses Hallock, and 
graduated at Amherst College in 1828. Soon after, however, 
he made for himself an independent career by teaching, and 
founded, at Greenfield, Mass., one of the first and most successful 
manual labor schools in the country, on the Fellenbei^ system. ■ 
Having left Qreenfield in 1836, he took charge of the Ogdens- 
burg. New York, Academy. There, while Principal of this In- 
stitution, he began, in the field of Meteorology, that regular series 
of investigations which he pursued, with characteristic devotion 
and perseverance, to the end of his life. In 1839 he became a 
member of the Faculty of Williams College, and in 1846 was 
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called to the chair of Mathematics aod Astrononif in Lafayette 
College, which he filled to the time of his death. Twenty-geven 
years of untiring labor, carried on in a trnly Ee]f-BaGri6ciug spirit, 
amidst c ire am stances which might hare discouraged a less noble 
nature; his great success as a teacher; his qniet, but never 
figging, enthusiasm, and the beneficent inflaence he exerted on 
his pupils, made him one of the main pillars of that institution 
during a long period of great depression. Ho lived, however, 
to see Lafayette College rise to the honorable position she now 
occupies among the American seminaries of learning. 

Professor CoflSn was a member of the American Association 
for the Advancement of Science, and was chosen a member of 
the National Academy of Sciences aoon after its fonndation. He 
was a constant contributor of valuable papers to both these 
scientific bodies. 

In the department of mathematics and astronomy onr lamented 
colleague contributed works on "Analytical Geometry," on 
" Conic Sections," and on the mode of calculating lunar eclipses, 
all of which have rendered valuable services to education. But 
it is in the field of meteorology that he showed himself an original 
investigator and the discoverer of new truths. Meteorology 
began to engage his attention almost as early as his college da;s, 
but bis systematic investigations date fVom the year 1836. The 
element of atmospheric temperature and the laws of its daily, 
monthly, and annual variations had been tolerably studied. He 
now turned his attention to the much neglected and difficult sub- 
ject of the winds, studying their course, direction, velocity, and 
force in connection with the variations of the barometer, the tem- 
perature, and the fall of rain. He soon fonnd, however, that the 
ordinary observations with the wind vane were insuEBcient for his 
purpose. Xot having at his disposal the instrument be wanted, 
like all original observers, he devised and manufactured one him* 
self. The result was a self-registering anemometer, giving the 
direction and duration of winds for every quarter of an hour. 
This instrument was described by fatm in a paper read in 1849 
before the American Association for the Advancement of Science, 
at its meeting in Cambridge. It was nsed by him at Williams 
College, and on the summit of Qreylock, 3500 feet above sea- 
level; also at Lafayette College for many years, and was found 
BO convenient, that Prof. Coffin was requested to fnrnish an 
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improTed dnplicate of it to the new observatory conatTncled ftt 
Cordova, id the Argentine Repablic, aoder the sa peri iiteude ace 
of the aatroDomer, onr colleague, Dr. B. A. Gould. 

Bat the reqnireineBts of meteorology are pecaliar. However 
large aod accnrate the number of observations at one place may 
be, tbey are insufficient to eoIvo tbe problem in question. In 
other departnientB of physical science co-operation may be only 
desiderable ; id tbe study of the atmosphere, whose movements 
are so wide and so extensive as to embrace almost the globe in 
their simnltaneous action, co-operation is indispensable. During 
more than thirty years Prof. Coffin was engaged in collecting 
from all qnarters, either in printed documents, or by an extensive 
correspondence, the data necessary to determine tbe mean direc- 
tion of the snrfoco winds in all parts of the Northern Hemisphere, 
their rate of progress, their relative velocity when blowing from 
different points of the compass, and the modiGcations they undergo 
in all these respects in the varioas seasons of the year. He 
EQCceeded in obtaining data from over 600 stations on land, and 
nunierouB observations at sea, extending from the equator to 
83" of north latitude, and representing in tbe aggregate over 
2800 years. All these series were snbmitted to close computa- 
tions, implying an amonnt of work of which only those who have 
tried it can form an adequate idea. The resnhs of tbese laborious 
investigations were first announced by Prof. Coffin in a prelimi- 
nary paper read in 1S48, at a meeting of the Association for the 
Advancement of Science, in Philadelphia, but were more fully 
developed in his work on the "Winds of the Northern Hemis- 
phere," published in the Smithsonian Contribntions to Knowledge 
in 1852. In this work are given, in over 150 pages of tables, 
tbe results of his computations, together with his deductions from 
tbese data, illustrated by charts and numerous diagrams. 

His conclnsions are of great scientific importance. It had 
been observed before, in a general way, that the prevailing direc- 
tion of the winds, in the middle latitudes, was from the west and 
Boothwest, both in tbe United States and in Europe; but to 
Prof. Coffin belongs the merit of having first established that 
&ct on a broad and solid foundation, by a carefnl discnasion of 
the exteneive array of observations which he has collected. He 
was the first again to demonstrate the prevalence of north and 
northeasterly winds beyond the Arctic circle. He thus distin- 
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gaishes in the Northern Hemisphere tLree great zones of winds. 
Ist. The region of the easterly or trade-winds, the northeni limit 
of which passes in America tbrougb tbe parallel of 32° of lati- 
tade and thence along a slanting line to that of 42° in Europe. 
2d. Further north, the region of tbe westerly winds, the belt of 
the return-tradea which in America terminates with 56°, and 
in Europe and Asia with 66° north latitade, having thns an 
avenge width of 24°. 3d. Tbe Polar belt with prevailing north 
and northeasterly winds, Ettuated mostly within the Arctic circle. 
Tbe pole of these three zones, which Prof. Coffin calls the meteor- 
ological pole, does not coincide with the geographical pole, but 
is situated about in latitude 84° north, and longitude 105° west 
of Greenwich. 

It is obvious, however, that the slanting direction of tbe middle 
zone follows closely the course of the isothermal lines, and is 
doubtless doe to the general causes which increase tbe tempera- 
ture of tbe continent of Europe beyond the average due to its 
latitude. The views presented by Prof. Coffin on the general cir- 
culation of the winds in tbe Northern Hemisphere, in explanation 
of these three zones of wind, are in close accordance with the 
theoretical views which have been derived ftom the combined 
action of tbe difference of temperature between the polar and 
equatorial regions, and of the earth's rotation. 

No doubt the last word hss not yet been said about the clrcn- 
latioQ of the general currents of the atmosphere. Tbe movements 
of the upper currents have to be better ascertained. Numerous 
barometric observations, especially on the limits of the zone above 
defined, have to teach us where accumulations or deficiencies 
exist in the mass of the atmosphere, before we can fully nnder- 
etand the everlasting circuits of the winds. Tbe mighty inQuence 
of the continental masses, according to their extent, their indi- 
vidual geographical forma and their relative situation, has to be 
studied more closely before we can fully understand tbe highways 
and currents by which tbe exchange of polar and equatorial air 
actually takes place. But Prof. Coffin has furnished a new base 
for further investigations and progress in this complex science 
of the most unmanageable of tbe terrestrial elements. 

His tables and maps show also plainly the modifications cansed 
by the seasons in the course of the general winds. The monsoon 
winds, dne to the difference of temperature of tbe continents and 
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oceans, which varies with the power of the iosolation, can be fol- 
lowed with ease both in America and Europe. 

No one was more aware than himself that a larger number of 
facts, observed at stations more widely and uniformly spread, 
were needed to give a still broader foundation for the laws he 
bad established and to perfect tbelr expression. He did not con> 
aider his work finished by the publication of his first essay. For 
a score of years be continued to gather, with increased ardor, all 
the information to which he could have access. With this end in 
view, be accepted the immense labor eutrusted to bim by our 
venerable President, the Secretary of the Smithsonian InstitntiOD, 
of reducing and discnssing the observations collected by over 
800 observers, under the Smithsoniau Meteorological System, 
and those furnished by the army from 1854 to 1859. This woric 
was performed with bis usual skill and faithRilneBS, and with a 
disinterestedness only too rare, and the results were published in 
a large quarto volume of over 1200 pages. All the material con- 
tained in the transactioiis of scientific societies of the Old World 
were placed at bis disposal by the Secretary of the Smithsonian 
Institution, and diligently made use of by bim. He was thus 
enabled to extend his investigations to the winds of the whole 
globe, and he read a first paper on the Wind System of the Southern 
Hemisphere before the American Association for the Advance- 
ment of Science in 1839. Before the same society be also read, 
as early as 1653, a valuable paper on "An Investigation of the 
Storm Carve," deduced from the relation existing between the 
direction of the wind and the rise and fall of the barometer." A 
subject which he was preparing to treat more fully before the 
Academy, at the time of his death. 

But when our lamented colleague was ready to sum up the 
last results to which be bad arrived, he was, in the Providence of 
God, called away from the scene of his earthly labors. His work, 
however, being in a sufiBcient state of forwardness to be com- 
pleted by his assistants and other aid, it is hoped that it will soon 
be published under tbe auspices of the Smithsonian Institntion. 

The value of Prof. Coffin's investigations could not fail to be 
recognized. Hie work won for him at home and abroad, espe- 
cially in England and in Gennany, the well-deserved fame of a 
careful and reliable meteorologist, and of a discoverer of new 
truths in his favorite branch of study. 
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I hare ooly spoken thus far of the man of miod, of the SDCcesefal 
JDTestigator of nature This was the theme that I had to treat 
before you. This, however, ia but one part, and not the most 
eiialted of the noble character of oar departed colleague. Intel- 
ligence, that pon-erfol iastrnmeat for acquiring knowledge; for 
reading Ood'B wisdom in the great booli of the universe, is not 
all of man. His deeper nature aspires higher than this finite 
world revealed to us by the senses, and the measure of hie moral 
excellence is given by the degree of intimacy he holds with the 
heavenly Source of all perfection. 

Permit me, therefore, to add a few words on Prof. Coffin's 
moral nature, on those qualities of character, which, in all men, 
constitute the real individual, whom we love or hate, esteem or 
despise. This task, indeed, is a pleasant one, for it does the 
soul good to contemplate such an assemblage of gennine virtues 
as we find in our friend and late fellow laborer. 

Naturally modest, unobtrusive, and absolutely unselfish, he 
never sought to impose himself or his opinions on others. His 
kindness of heart, bis gentleness, coupled with great firmness, 
energy, and perseverance, exerted, however, a strong and benefi- 
cent influence on his surroundings. His profoand love of truth 
made liim the cautious, candid, and persevering observer whom 
we know, while his inquiring mind kept his eye open to every ray 
of light, from whatever quarter it might come. He was consci- 
entious to a fault in the performance of even the most trifling 
duties. The same upright honesty which guided him in his 
scientific inquiries, he also applied to the earnest research for the 
solid foundation of his religious life. 

At an early age be passed through that ordeal of Belf-«samina- 
tion, which prepares our deliberate and conscious acceptance of 
the truths taught us during our younger days, and soon sailed 
from the troubled waters of uncertainty into the harbor of peace, 
where he found rest and joy. 

The blessed consequences were apparent in his moral purity, 
his sincere love for his fellow-men, which won bim the esteem and 
love of all. His devout spirit and consistent Christian life 
secured for him a still higher reward: the approbation of the 
Father and Master of us alt, whom he so sincerely loved, and so 
faithfully tried to serve. 
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John Torbbt, M.D., LL.D., died at New York, on the 10th 
of Uarcb, 1873, in the 7Tth year of bis age. He has long been 
the chief of American botanists, and was at bis death the oldest, 
with the esceptioa of the venerable Es-Preaident of the American 
Academy (Dr. Bigelow), who entered the botaaieat Beld several 
years earlier, but left it to gather the highest honora and more 
locratire rewards of the medical profession, about the time when 
Dr. Torrey determined to devote bis life to ecientific pursuits. 

The latter was of an old New England stock, being, it is 
thoaght, a descendant of William Torrey, who emigrated from 
Combe St. Nicholas, near Chard, in Somersetshire, and settled 
at Weymouth, Massacbasetts, about the year 1640.' 

His grandfather, John Torrey, with his son William, removed 
from Boston to Montreal at the time of the enforcement of the 
"Boston Port Biil." Bnt neither of them was disposed to be a 

■ la some notsB famlEhed b; a ni«mb«r ot ths tamWj, the d«sc«Dt is 
eudsavored to be traced through the eldest of the Stb loni who earTivad 
their pirent, oaoiel;, Samuel, who came with him from Engltuid, beoamo 
a mioisler of the gOBpel, and had the anpreoedented honor of preachiDg 
three election sermona (In 1674, 1683, and 1695), as well ai of having 
three time* deollned the preatdeDoj of Harvard College (after Hoar, after 
Oakes, and after Eogert). Althongh educated at the College, he was not 
a graduate, beeanae he left It in 1860, after three je^n' residence, Joat 
when the term for the A.B. degree was lengthened to fonr years. Tha 
tradition has it, that, "at the prayer-meetings of the students, he was 
generally Invited to make the conolnding prayer," — for which an obvlont 
reaeon anggeata itaelf, — for, "anch was his devotion of apfrlt that, after 
praying for two honre, tha regret was that he did not ooutinae longer," 
Stndenta of the present day are probably lesa exaoting. 

The desire to claim a descent through so eminent a member of the 
family is natDral. Bnt our late venerable aseociate, Ur. Savage, In his 
Dictionary of early New England families, slates that he could not ascer- 
tain that Samuel had any ohlldreu. 

261 
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refagee. For the sod, then a lad of Geventeea years, ran tvaj 
from Canada to New York, joined his ancle, Joseph Torrey, a 
majorofoneof the two tight infantry regiments of regulars (called 
CongreES's own) which were raised in that city; was made an 
ensign, and was in the rear-guard of his regiment on the retreat 
to White Plains; served in it throughout the war with honor, 
and unti) at the close he re-entered the city upon "Evacuation 
Day," when he retired with the rank of captain. Moreover, the 
father soon followed the son, and became quartei'master of the 
regiment. Captain Torrey, in 1191, married Margaret Nichols, 
of New York. 

The Bobject of this biographical notice was the second of the 
issue of this marriage, and the oldest child who survived to man- 
hood. He was born in New York, on the 15th of August, 1 79(1. 
He received sach education only as the public schools of his 
native city then afforded, and was also sent for a year to a school 
in Boston. When he was fifteen or sixteen years old his father 
was appointed Fiscal Agent of the State Prison at Greenwich, 
then a suburban village, to which the family removed. 

At this early age he chanced to attract tlie attention of Amos 
Eaton, who soon afterwards became a well-known pioneer of 
natural science, and with whom it may be said that popular 
instruction in natural history in this country began. He taught 
young Torrey the structure of dowers and the rudiments of 
botany, and thus awakened a taste and kindled a zeal which 
were extinguished only with his pupil's life. This fondness soon 
extended to mineralogy and chemistry, and probably determined 
the choice of a profession. In the year 1815, Torrey began the 
study of medicine in the office of the eminent Dr. Wright Post, 
and in the College of Physicians and Surgeons, in which the 
then famous Dr. Mitchill and Dr. Hosack were professors of 
scientific repute; he took his medical degree in 1818; opened 
an ofQce in his native city, and engaged in the practice of 
medicine with moderate success, turning the while his abundant 
leisure to scientific pursuits, especially to botany. In 181T, 
while yet a medical stndent, he reported to the Lyceum of 
Natural History — of which he was one of the founders — his 
Catalogue of the Plants growing spontaneously within thirty 
miles of the city of New York, which was pnblished two years 
later; and be was already, or very soon after, in correspondence 
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with Eurt Spreogel and Sir James Edward Smith abroad, as 
well as with Elliott, Nuttall, Schweinitz, aod other Anierican 
botanists. Two mineralogical articles were coatributed by him 
to the very 6rst volunie of the American Journal of Science and 
Arts (1818-1819), and Eeveral others appeared a few years later, 
in this and in other journals. 

Elliott's sketch of the Botany of South Carolina and Georgia 
was at this time in course of pablication, and Dr. Torrey planned 
a counterpart systematic work upon the botany of the Northern 
States. The result of this was his " Flora of the Northern and 
Middle Sections of the United States, i. e., north of Yirginia;" 
which was issned in parts, and tbo first volume concluded in the 
sammer of 1824. In this work Dr. Torrey first developed his 
remarkable aptitude for descriptive botany, and for the kind of 
investigation and discrimination, the tact and acnmen, which it 
calls for. Only those few — now, alas, very few — Bnrviving 
botanists who used this book through the fallowing years can at 
all appreciate iEs value and influence. It was the fruit of those 
few but precious years which, seasoned with pecuniary privation, 
are in this country cot rarely vouchsafed to an investigator, in 
which to prove his quality before he is haply overwhelmed with 
professional or professorial labors and duties. 

In 1824, the year in which the first vulnnie (or nearly half) of 
his Flora was published, he married Miss Eliza Robinson Sbaw, 
of New York, and was established at West Point, having been 
chosen Professor of Chemistry, Mineralogy, and Geology in the 
United States Military Academy. Three yeara later he ex- 
changed this chair for that of Chemistry and Botany (practically 
that of Chemistry only, for Botany had already been allowed to 
fall out of the medical curriculum in this country) in the College 
of Physicians and Surgeons, New York, then in Barclay Street. 
The Flora of the Northern States was never carried further; 
although a "Compendium," a pocket volume for the field, cod- 
taining brief characters of the species which were to have been 
described in the second volume, along with an abridgment of the 
contents of the first, was issned in 1826. Moreover, long before 
Dr. Torrey conld find time to go on with the work, he foresaw 
that the natural system was not much longer to remain, here and 
in England, an esoteric doctrine, confined to profound botanists, 
bat was destined to come into general nse and to change the 

18 2M 
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character of botanical instruction. He was himself the first to 
apply it in this couotr]' iu auj considerable publication. 

The opportunity Tor this, and for extcDding his inrestigationa 
to the Great Plains and the Ilocky Mountains on their western 
boundary, was furnisJied hy the collections placed in Dr. Torrey'a 
handa by Dr. ^dwin James, the botanist of Major Lang's expe- 
dition in 1B20. This expedition sliirted the Rocky MoDUtains 
belonging to what ia now called Colorado Territory, where Dr. 
James, first and alone, reached the charming alpine regctationi 
scaling one of the very highest summits, which from that time 
and for many years afterward was appropriately named James's 
Peak ; although it is now called Pike's Peak, in honor of General 
Pike, wbo long before had probably seen, but had not reached it 

As early as the year 1823, Dr. Torrcy commuuicatcd to the 
Lyceum of Natural History descriptions of some new species of 
James's collection, aud iu 1826 an extended account of all the 
plants collected, arranged under their nataral orders. This is 
the earliest treatise of the sort in this country, arranged upon the 
natural system ; and with it b^ns the history of the botany of 
the Rocky Mountains, if we except a few plants collected early 
in the century by Lewis and Clark, whore they crossed them 
many degrees further north, and which are recorded in Pursh'a 
Flora. The next step in the direction he was aiming was made 
in the year 1831, when he superintended an American reprint of 
the first edition of Liiidlcy's Introduction to the Natural System 
of Botany, and appended a catalogue of the North American 
genera arranged according to it 

Dr. Torrey took an early and prominent part in the investiga- 
tiou of the United States species of the vast genua Carex, which 
has ever since been a favorite study in this country. His friend. 
Yon Schweinitz, of Bethlehem, Pcnn., placed in hia hands and 
desired him to edit, during the author's absence in Europe, his 
Monograph of North American Carices, It was published in the 
Annals of the New York Lyceum, in 1825, much extended, indeed 
almost wholly rewritten, aud ao much to Schweinitz's aatisfactioa 
that he insisted that this classical monograph "should be con- 
Bidered and quoted in all respects as the joint production of Dr. 
Torrey and himself." Ten or eleven years later, in the succeed- 
ing volume of the Annals of the New York Lyceum, appeared 
Dr. Torrey'a elaborate Monograph of the other North American 
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Cyperaceie, with an appended revision of the Carices, which 
meanwhile had been immensely increased by the collectioDs of 
Richardson, Drumtuond, etc., in British and Arctic America. 
A full set of these was coDsigued to his hands for study (along 
with other important collections), by his friend Sir William 
Hooker, upon the occasiou of a visit which he made to Europe in 
1833, But Dr. Torrey generously turned over the Carices to 
the late Professor Dewey, whose rival Caricography ia scattered 
through forty or fifty volumes of the American Journal of Science 
and Arts: and so had only to sum up the results in this regard, 
and add a few Southern species at the close of his own monograph 
of the order. 

About this time, namely, in the year 1836, npon the organiza* 
tion of a geological survey of the State of New York upon aa 
extensive plan, Dr. Torrey was appointed Botanist, and was 
required to prepare a Flora of the State. A laborious under- 
taking it proved to be, involving a heavy sacrifice of time, and 
postponing the realization of long-cberishcd plans. But in 1843, 
after much discouragement, the Flora of the State of New York, 
the lai^est if by no moans the most important of Dr. Torrey's 
works, was completed and published, in two large quarto volumes, 
with one hundred and sisty-one plates. No other State of the 
Union has produced a Flora to compare with this. The only 
thing to be regretted is that tt interrupted, at a critical period, 
the prosecution of a far more important work. 

Early in hts career Dr. Torrey had resolved to undertake a 
general flora of North America, or at least of the United States, 
arranged upon the natural system, and bad asked Mr. Nuttall to 
join him, who, however, did not consent. At that time, when 
little was known of the regions west of the valley of the Missis- 
sippi, the ground to be covered and the materials at hand were of 
comparatively moderate compass ; and in aid of the northern part 
of it. Sir William Hooker's Flora of British America — founded 
upon the rich collections of the Arctic explorers, of the Hudson 
Bay Company's iotetligent officers, and of *uch hardy and enter- 
prising pioneers as Drummond and Douglas — was already in 
progress. At the actual inception of tbe enterprise, the botany 
of Eastern Texas was opened by Drnmmond's collections, as well 
as that of the coast of California by those of Donglas, and after- 
ward those of Nuttall. Aa they clearly belonged to onr own 



iized by Google 



NATIONAL ACASIHY OP SCIEIfCKS. 

phy to- geographical province, Texas and Califurms were accord- 
ingly annexed botanically berore tbe; Itecame eo politically. 

While the Geld of botanical operations was tha» enlargiDg, tbe 
time wbich coold be devoted to it was restricted. In addition to 
bis chair in tbe Medical College, Dr. Torrey bad felt obliged to 
accept a similar Mie at Princeton College, and to all was now 
added, as we have seen, the ouerons post of State Botanist. It 
was iu the year 1836 or 1831 that he invited the writer of this 
notice — then pursuing botanical studies under bis auspices and 
direction — to become bis associate in tbe Flora of North America. 
In July and in October, 1838, the first two parts, making half 
of the first volume, were published. Tbe great need of a full 
study of the sources and originals of the earlier-published species 
was now apparent; so, during the following year, his associate 
occupied bimself witb this work in the principal herbaria of 
Europe. The remaining half of the first volume appeared in 
June, 1840. The first part of tbe second volume followed in 
1841 ; the second io the spring of IB42-, and ia February, 1843, 
came the third and the last; for Dr. Totrey's associate was now 
also immersed in professorial duties and in tbe consequent pre- 
paration of the works and collections which were necessary to 
their prosecntioit. 

From that time to the present the scientific expIorntioQ of the 
vast interior of the continent has been actively carried on, and 
in consequence new plants have poured in year by year io sucb 
numbers as to overtask the powers of the few working botanists 
of tbe country, nearly alt of them weighted with professional 
engagements. Tbe most they could do has been to pat collec- 
tions into order in special reports, revise here and there a family 
or a genns monographically, and incorporate new materials into 
older parts of the fabric, or rough-hew them for portions of tbe 
edifice yet to be constructed. In all this Dr. Torrey took a 
prominent part down almost to tbe last days of his life. Passing 
by various detached and icattered articles upon cnrioos new 
genera and the like, but not forgetting three admirable papers 
published in the Smithsonian Contributions to Knowledge (Plantse 
Fremontianee, and those on Batig and Darlingtonia), there is a 
long series of important, and some of them very extensive, con- 
tributions to the reports of government explorations of tbe Western 
country ; from that of Long's expedition already referred to, is 
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vbicfa be firet developed his powers, tLrough tiose of Nuwilet, 
FreiuoDt, and Emory, Sit^reavcs, Stausburj, and Marcy, and 
those contained in the ampler volumes of the Surreys fur Pacific 
Railroad routes, down to that of the Mexican Boundary, the 
botany of which forms a bulky quarto volume, of much interest. 
Even at the last, wheD he rallied transieuUy from the fatal attatk, 
be took iu baud tlie manuscript of an elaborato report on the 
plants collected along our Pacific coast in Admiral Wilkes's celo- 
braled expeditiou, which he had prepared fully a dozen years 
ago, and which (except as to the plates) remains still unpublished 
through no fault of his. There would have been more to add, 
perhaps of equal importance, if Dr. Torrey bad been as ready to 
complete and publish, as he was to iurestigat^, annotate, and 
sketch. Through undue diffidence and a constant desire for a 
greater perfection than was at that time attainable, many inter- 
esting observations have from time to time been anticipated by 
other botanists. 

All this botanical work, it may be observed, has reference to 
the Flora of North America, in which, it was hoped, the diverse 
and separate materials and componiiut parts, which he and others 
had wrought upou, might some day be brought together in a 
completed system of American botany. 

It remains to be seen whether his surviving assneiate of nearly 
forty years will be ablo to complete the ediGca To do this will 
be to supply the most pressing want of the science, and to raise 
the ittest monument to Dr. Torrey's memory. 

In the estimate of Dr. Torrey's botanical work, it must not be 
forgotten tbat it was nearly all done in the intervala of a busy 
professional life ; that he was for more than thirty years an aotive 
and distingnished teacher, mainly of chemistry, and in more than 
one inst'rtntion at the same time; that he devoted much time and 
remarkable Aill and judgment to the practical applications of 
chemistry, in which hie connsela were constantly sought and too 
generously given; that when, in 1857, he exchanged a portion, 
and a few years lat«r the whole, of hia professional duties for the 
office of United States Assayer, these requisitions upon his time 
became more numerons and orgent.' In addition to the ordinary 

< It onglit to he iiM«A, tbat, wlran the Government Abbaj OffloR At Now 
Turk wac MtabtiBhed, tbe Srcretarv of tbe Treasniy seleoted Dr. Torre/ 
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dntics of hie office, which he Tulfilled to the end with puoctilioaB 
faithrulness (sigDiDg the last or bis dailj reports upon the very 
day of hie death, and qaiettj telling bia eon and assiBtant that 
be need not briug him any more), he was frequently requested by 
the head of the Treaanry Department to undertake the solution 
of difficnit problems, especially those relating to counterfeiting, 
or to take charge of some delicate or confidential commission, the 
utmost reliance being placed upou his skill, wisdom, and probity. 
In two instancea these commisfiiona were made personally 
gratifying, not by pecuniary payment, which, beyond his simple 
expenses, he did not receive, but by the opportanity they afforded 
to recruit failing health and to gather floral treasures. Eight 
years ago he was sent by the Treasury Department to California, 
by way of the Isthmus; last summer he went again across the 
continent; and in both eases enjoyed the rare pleasure of view- 
ing ID their native soil, und plucking with his own bauds, many 
ft flower which he bad himself named and described from dried 
specimens in the herbarium, and in which he felt a kind of 
paternal interest. Perhaps this interest culminated last summer, 
when he atood on the flank of the lofty and beautiful snow-clad 
peak to which a grateful former pupil and ardent explorer, tea 
years before, gave his name, and gathered charming alpine plants 
which he had himself named fifty years before, when the botany 
of the Colorado Rocky Mountains was first opened. That age 
and fast-failing strength had not dimmed hia cnjoymeDt, may be 
inferred from hia remark when, on his return from Florida the 
previous spring, with a grievous cough allayed, he waa rallied 
for having gone to seek Ponce de Leon's Fountain of Youth. 
"No," said he, "give me the Fountain of Old Age. The longer 
I live, the more I enjoy life." He evidently did so. If never 
robost, he was rarely ill, and his last sickness brought little suf- 
fering and no diminution of bis characteristic cheerfulness. To 
him, indeed, never came the "evil days" of which he could say, 
"I have no pleasure in them." 

to be its SoperiDtendent; wliioh wonid hiive g\veii to the esUblishroent 
the ndranUge of a sc<entlfla brad. Bat Dr. Tnm>j reanlntel; dectiued 
the lexa laborious nnd bettur pstd pont, and tnok in prefRrenco one the 
emolaments at wliivh were mnoh below his worth and the valnable ex- 
traneoDS lervlces he rendered to the governrnvnt ; simply bpcnnsa he was 
nnwllllDB tA Bconpt the care and roapnnslbilltj ot treasure. 
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Evincing in age much of the ardor and all of tbe ingenDODB- 
nes3 of youtb, he enjojed tbe society of young luen and students, 
and was helpful to Ibem long after he ceased to teach ; if, indeed, 
be ever did cease. For, as Emeritus Professor iu Columbia 
College (with which his old Medical School was nuited), he not 
only opened his herbarium, but gave some lectnrea almost every 
year, and as a trustee of the College for many years he rendered 
faithful and important service. His large and truly invaluable 
herbarium, along with a choice botanical library, he several years 
ago made over to Columbia College, which charges itself with its 
safe preservation and maintenance. 

Dr. Torrey leaves throe daughters, a sod, who has been ap- 
pointed United States Assayer iu bis father's place, and a 
grandson. 

This sketch of Dr. Toirey's public life and works, which it is 
our main duty to exhibit, would fall short of its object if it did 
rot convey, however briefly and incidentally, some just idea of 
what manner of man he was. That be was earnest, indefatigable, 
and able, it is needless to say. His gifts as a teacher were 
largely proved and are widely known throngh a long generation 
of pupils. Aa an investigator, he was characterized by a scm- 
pnlons accuracy, a remarkable fertility of mind, especially as 
shown in devising ways and means of research, and perhaps by 
some excess of caution. 

Other biographers will doubtless dwell upon the more personal 
aspects and characteristics of our distingnished and lamented 
associate. To them, indeed, may fittingly be left the full deliuea- 
tioD and illustration of tbe traits of a singularly transparent, 
genial, delicate, and conscientious, nnselfish character, which 
beautified and fructified a most indnstrious and useful life, and 
won the affection of all who knew him. For one thing, they 
cannot fail to notice his thorough love of truth for its own sake, 
and his entire confidence that the legitimate results of scientific 
inquiry would never be inimical to the Christian religion, whicli 
he held with an untroubled faith, and illustrated, most naturally 
and unpretendingly, in all bis life and conversation. In this, as 
well as in the simplicity of his character, he much resembled 
Faraday. 

Dr. Torrey was an honorary or corresponding member of a 
goodly number of the scientific societies of Europe, and was 
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naturally connected with all promincut iustiliilionH of the kiud 
in this country. He was choseu into the American Academj in 
the year 1841. He was one of the corporate members of the 
National Academy at Waebington. He presided in his turn 
over the American Assodation for the Advancement of Science. 
He was twice, for considerable periods, President of the New 
York Lyceum of Natural Hietory, which was in those days one 
of the foremost of our scientific societies. It has been said of 
him that the sole distinction on which he prided himself was his 
membership in the order of the Cincinuatj, the only honor in this 
country which comes by inheritaoce. 

As to the customary testimonial which the botanist receives 
from his fellows, it is fortunate that the first attempts were 
nugatory. Almost in his youth a genus was dedicated to him 
by his correspondent, Sprengel : this proved to be a Cleroden- 
dron, misunderstood. A second, proposed by Rafinesque, was 
founded on an artificial dismemberment of Cypretis. The ground 
was clear, therefore, when, thirty or forty years ago, a new and 
remarkable evergreen tree was discovered in our own Southern 
States, which it was at once determined dhonld bear Dr. Torrey's 
name. More recently a congener was found in the noble forests 
of California. Another species had already been recognized in 
Japan, and lately a fourth in the mountaios of Northern China. 
All four of them have been introduced, and are greatly prized as 
ornamental trees in Europe. So that, all round the world, 
Torreya taxtfoHa, Torreya Califomica, Torreya nucifera, and 
Torreya grandis — as well as his own important contributions to 
botany, of which they are a memorial — should keep our associate's 
memory as green as their own perpetual verdure. 
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WILLIAM STABLING SULLIYANT. 



William Stablikq Sdllivant, LL.D., died at his residence 
in Columbus, Ohio, on the 30th of April, ultimo. In him we 
lose the luost accomplished bryologist which this country has 
produced ; and it can hardly be eaid that he leaves behind any- 
where a Biiperior. 

He was bom, Janaary 15, 1803, at the little village of Frank- 
linton. then a frontier lettlement in the midst of primitive forest, 
near the site of the present city of Golambns, His father, a 
Tii^inian, and a man of marked character, was appointed by 
goveroment to survey the lands of that district of the " North- 
western Territory" which became the central part of the now 
populous State of Ohio ; and he early purchased a large tract of 
land, bordering on the Scioto River, near by, if not including, the 
locality which was afterward fixed upon for the State capital. 

William, his eldest son, in his boyhood, if he endured some of 
the privations, yet enjoyed the advantages of this frontier life, 
in the way of physical training and early self-reliance. But he 
was sent to school in Kentucky; be received the rudiments of 
his clasBiesl education at the Ohio University at Athens, npou 
the opening of that institution ; and was afterward transferred to 
Tale College, where he was graduated in the year 1823. His 
plans for studying a profession were fhistrated by the death of 
bis father tu that year. This required him to occupy himself 
with the care of the family property, then mainly in lands, mills, 
etc., and demanding much and varied atteption. He became 
surveyor and practical engineer, and indeed took an active part 
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in bnsincBS down to & recent period. Leisure is hardly to he 
had in a newly settled country, and least of all by those who have 
possessions. Mr. Sullivant must have reacbed the age of uearly 
thirty years, and, having married early,* wae established in bis 
Bnburban residence in a rich floral district, before bis taste for 
natural history was at all developed. His youngest brother, 
Joseph, was already Boraewhat proficient in batany as well as in 
conchology and oroitbalogy; and wbea in some way bis own 
interest in the subject was at length excited, he took it up with 
characteristic determination to know well whatever be undertook 
to know at all. He collected and carefully studied the plants of 
the central part of Ohio, made neat sketches of the minuter parts 
of many of them, especially of the Grasses and Sedges, entered 
into communication with the leading botanists of the country, 
and in 1840 he published " A Catalogae of Plants, Native of 
Katnralized, in the Vicinity of Columbus, Ohio," pp. 63, to which 
be added a few pages of valuable notes. His only other direct 
publication ia pheenogamous botany is a short article upon three 
new plants which be had discovered in that district, contributed 
to the American Journal of Science and Arts, in the year 
1812. The observations which he continued to make were com* 
mnnicated to his correspondents and friends, the authors of the 
"Flora of North America," then in progress. As soon as the 
flowering plants of his district had ceased to afford him novelty, 
he turned to the Mosses, in which he found abundant scientific 
occupation, of a kind well suited to his bent for patient and close 
observation, scrupulous accuracy, and nice discrimination. His 
Bret publication in his chosen department, the "Mnsci Allegha- 
nienses," was accompanied by the specimens themselves of 
Mosses and Hepatices collected in a botanical expedition through 
the Alleghany Monntains from Maryland to Georgia, in the 
summer of 1843, the writer of this notice being bis companion. 
The specimens were not only critically determined, but exquisitely 
prepared and mounted, and with letter-press of great perfeetioQ; 
the whole forming two quarto volumes, which well 'deserve the 

< His fint vife, Jkns Hsretatll ol Eentachy, wm ■ nlooe of CUi«f Jnalioa 
Uuaball. She dUd within a 7ear nfter marriage. 
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CDcomiam bestowed by Pritzel in bis Tlieaanms.' It wM not 
put OD sale, but fifty copies were distributed- with a free baud 
among bryologista and others who woald appreciate it.' 

la 1346, Mr. SulIivaDtcommunicated to the American Academy 
tht; first part, and in 1049 tbc second part, of his " Contribations 
to the Bryology and Hepaticology of Sortb America," which 
appeared, one in the third, the other in the fourth volume (new 
series) of the Academy's Memoirs; each with five plates from the 
author's own admirable drawings. These plates were engraved 
at his own expense, and were generously given to the Academy. 

When the second edition of Gray's "Manual of the Botany of 
the Northern United States" was in preparation, Mr. Snliivant 
was asked to contribntc to it a compendious account of the Musci 
and Hepaticffl of the region; which he did, in the space of about 
one hundred pages, generously adding, at his sole charge, eight 
copperplates crowded with illustrations of the details of the 
genera; thus enhancing vastly the value of his friend's work, and 
laying a foundation for the general study of bryology in the 
United States, which then and thus began. 

So excellent are these illustrations, both in plan and execution, 
that Schimper, then the leading bryologist of the Old World, 
and a most competent jadge, since he has published hundreds of 
figures in bis "Bryologia Europeea," not only adopted the same 
plan in bis Synopsis of the European Mosses, but also the very 
figures themselves (a few of which were, however, originally hia 
own), whenever they would serve his pnrpose, as was the caso 
with most of them. A separate edition was published of this 
portion of the Manual, under the title of " The Musci and Hepa- 
ticffi of the United States, east of the Mississippi River" (New 
York, 1856, imperial octavo), upon thick paper, and with proof- 
impressions directly from the copperplates. This exquisite 

■ "Halo splendid« impreasw S92 Bp«c(anim »iinmeratioiii kcoedit «ls- 
gantU8iiii& Bp«oimiiiniii omninm extlcDStornm ooUmUo." 

* A trlbnla is jnstlj dae to the aemoij of the ■f>cond Un. (Elixti Q. 
Wheeler) SnlliTant, s lad; of T«re aocompliBhrnenls, and, not least, a 
■ealons and acute br^ologfal, her hnsband'a effloient aneootste in all his 
eoientlflo work until her death, of cholera, in 1S50 or 1851. Her boUnioal 
Berrlei^ii are oommemorated ia B^pnam 5u'firanl(K of Sclitmper, a new 
Moss of Ohio. 
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volume was placed ou 8&Ie at (at less than its coat, and copies 
are now of great raritj and value. It was witb regret that the 
author of the Manual omitted this cryptogamJc portion ttom the 
ensuing editious, and only with the undei'BtaodiDg that a separate 
"Species Muscoruin," or Manual for the Mosses of the whole 
United States, should replace it. This most needful work Mr. 
Sullivaut was juat about to prepare for the press. 

About the same time that Mr. Sullivant thus gave to Americaa 
students a text-book for our Mosses, be provided an unequalled 
series of named epecimeus for iilustratlDg them. The ample 
stores which he had collected or acquired, supplemented b; those 
collected by M. Lesquereux (who was associated with him from 
the year 1818) in a journej through the mountainous parts of the 
Southern States under bis auspices, after critical determination 
were divided into fifty sets, each of about three hundred and sixty 
species or varieties, with printed tickets, title, index, etc., and all, 
except a few copies for gratuitous distribution, were generously 
made over, to be -sold at less than coat, for his esteemed asso> 
ciate's beoeGt, and, still more, that of the botanists Jtnd institu- 
tions who could thns acquire them. The title of this classical 
work and colleclioa is, "Musci Boreali Americani quorum 
specimina exsiccati edidernnt W. S. SulliTaut et L, Leaquereux; 
1856." Naturally enoiigli the edition was immediately taken up. 

In 1865 it was followed by a new one, or, ratber, a new work, 
of between five and six hundred nnmbers, many of them Califor- 
nian Epecies, the first-fruits of Dr. Bolaoder's researches in that 
country. The sets of this unequalled collection were disposed of 
with the same unequalled liberality, and with the sole view of 
advancing the knowledge of his favorite science. This second 
edition being exhausted, he recently and in the same spirit aided 
hia friend Mr. Austin, both in the study and in the publication 
of his extensive "Musci Appal achiani." 

To complete here the account of Mr. Sullivant's bryological 
labors illustrated by "exsiccati," we may mention his "Musci 
Cubenaes," named, and the new species described in 18G1, from 
Charles Wright's earlier collections in Cuba, and distributed in 
sets by the collector. His researches upon later and more ex- 
tensive collections by Mr. Wright lie in the form of notes and 
pencil sketches, in which many new species are indicated. The 
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same may be said of an earlier still unpublished collection, made 
bj Feudler iu Yeuezuela. Auotber collection, of great ezteut 
and interest, whicb was long ago elaborately prepared for pub- 
lication, and illustrated by very many exquisite drawings, rests 
in his portfolios, through delays over which Air. Sullivant had 
no control; namely, the Bryology of Rodgers's U. S. North 
Pacific Exploring Expedition, of which Charles Wright wae 
botanist. Brief characters of the principal new species were, 
however, duly published in this as in other departments of the 
botany of that expedition. It is much to be regretted that the 
drawings which illustrate them have not yet been engraved and 
given to the scientific world. 

This has fortunately been done in tbe case of the South Pacific 
Exploring Expedition under Commodore Wilkes. For, although 
tbe volume containing the Mosses has not even yet (May, 1873) 
been issued by government, Mr. Sullivant's portion of it was 
published in a separate edition in tbe year 1859. It forms a 
BumptnoDS imperial folio, tbe letter-press having been made up 
into large pages, and printed on paper which matches the plates, 
twenty-six in number. 

One volume of the Pacific Railroad Reports, i. e., the fourth, 
contains a paper by Mr. Sullivant, being his account of the 
Mosses collected in Whipple's Exploration. It consists of only 
a dozen pages of letter-press, but is illustrated by ten admirable 
plates of new species. 

The " Icones Mnscorum," however, is Mr. Sullivant's crowning 
work. It consists, as the title indicates, of " Figures and De- 
scriptions of most of those Mosses peculiar to Eastern North 
America which have not been heretofore figured," and forms au 
imperial octavo volnme. with one hundred and twenty-nine copper 
plates, published in 1864. The letter-press and the plates (upon 
which last alone several thousand dollars and immense pains 
were expended) are simply exquisite and wholly unrivalled ; and 
the scientific character is acknowledged to be worthy of the set- 
ting. Within the last few years, most of the time which Mr. 
Snilivant could devote to science has been given to tbe prepara- 
tion of a second or supplementary volume of the "Icones." The 
plates, it is understood, are completed, the descriptions partly 
written ont, and the vernal months in which his mortal life closed 
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were to bave been devoted to the priatiag. The M&uaol of North 
American Mosses was speedily to follow. 

He was remarkably young for his years, so that the hopes and 
ezpectations in which we were indulging seemed reasonable. 
But in January, not far from his sereDtieth birthday, he was 
prostrated by pneumonia, from the conaeqneuces of which, after 
some seemiug convalescence, he died upon the last day of April. 
He leaves a wife, Mrs. Caroline E. (Sutton) SnlliTant, children, 
grandchildren, and great-grandchildren, to inherit a st&ialess and 
honored name, and to cherish a noble memory. 

In personal appearance and carriage, no less than in all the 
traits of an unselfish and well-balaoced character, Mr. Sullivant 
waa a fine specimen of a man. Ue had escellent bnsincas talents, 
. and was an exemplary citizen ; he had a refined and sure taste, 
and was an accomplished draughtsman. But after baring illns- 
trated his earlier productions with his own pencil, he found that 
Tatuable time was to be gained by employing a trained artist 
He discovered in Mr. A. Schrader a hopeful draughtsman, and 
he edncated him to the work, with what excellent results the 
plates of the " Icones" and of his other works abundantly show. 
As an investigator he worked deliberately, slowly indeed and uot 
continuously, but perseveringly. Having chosen his particular 
department, he gave himself underiatingly to its advancement. 
His works have laid such a broad and complete fonndation for 
the study of bryology in this country, and are of such recognized 
importance everywhere, that they must always be of classical 
authority; in fact, they are likely to remain for a long time un* 
rivalled. Wherever Mosses are studied, his name will be honor- 
ably remembered ; in this country it should long be remembered 
with peculiar gratitude. 

lu accordance with his wishes, all his bryological books and 
his exceedingly rich and important collections and preparations 
of Mosses are to be consigned to the Gray Herbarium of Harvard 
University, with a view to their safe preservation and long-con- 
tinued usefulness. The remainder of his botanical library, his 
choice microscopes, and other collections are bequeathed to the 
State Scientific and Agricnltural College, just established at 
Columbus, and to the Starling Medical College, founded by his 
uncle, of which be was himself the Senior Trustee. 
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Mr. Salliriuit was cboaen into the American Academy in the 
year 1845. He received the honorary degree of Doctor of Laws 
from Gantbier College, in bis native State, and waa an associate 
of the principal scientific societies of this coontrj, and of several 
in Enrope. His oldeBt botanical associates long ago enjoyed 
the pleasore of bestowing the name of StTLUTAifriA Ohionib 
npon a very rare and interesting, bat modest and neat Sazifra- 
gaceous plant, which he himself discovered in his native State, 
on the secladed banks of a tribatary of the river which flows hj 
the place where he was bora, and where bia remains now repose. 
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BIOGRAPHICAL MEMOIR OF JOSEPH SAXTON. 



Mo. P&BsmeKT a^nd Qbntlemih of the Acabemt :— 

Ar the last sessioa of the National Academy of Sciences I waa 
appointed to prepare an account of the life and labors of oar 
lamented associate, Joseph Saxtoo, whoae death we have been 
called to mouni. From long acqaaintance and friendly relations 
with the deceased, the discharge of the duty thus devolved upon 
me has been a tabor of luvc, bnt bad he been personally unknown 
to me, the preparation of the calogy would have been none the 
less a sacred duty, which I was not at liberty on any accoant to 
neglect It is an obligation we owe to the Academy and the 
world to cherish the memory of our departed associates ; their 
reputation is a precione inheritaDce to the Academy which exalts 
its character and extends its nsefulDess. 

Man is a sympathetic and imitative being, and tbroagb these 
characteristics of bis nature the memories of good men prodnce 
an important influence on posterity, and therefore should be 
cherished and perpetuated. Moreover, the certainty of having 
a jnst tribute paid to our memory after our departure is one of 
the most powerful iadncementa to purity of life and propriety of 
deportment. 

The object of the National Academy is the advancement of 
science, and no one is considered eligible for membership who 
has not made positive additions to the sum of human knowledge, 
or in otbcr words, has not done something to entitle him to the 
appellation of scientific. 

Joseph Saxton, the subject of our eulogy, was named in the 
Act of Congress organizing the Academy, one of its fifty origi- 
nal members, and I trust the following sketch of his life and 
labors, imperfect as it may be, will folly justify the propriety of 
the dtstioction which was thus conferred apon him. 

He was bom in Huntingdon, Pennsylvania, then a small vill^^. 
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on the banks of the Juniata, on the 22d of March, 1799, and 
died in the city of Washington, October 26th, 1813. Ho lived, 
therefore, within five months of three-quarters of a centnry. 
During bia life the world made greater progress in the appli- 
catioa of science to art than in any other period of equal length 
in all of its preTious history. To illnetrate this remark I hare 
only to recall the fact that during this period the steamboat, the 
railway, the locomotive, the electric telegraph, the photograph, 
and the spectroscope had their birth. 

It might be au interesting inquiry to determine what effect 
was produced on his character by the direction of the energy and 
the prevailing thought of the age in which he lived. Be this as 
it may, our associate fonnd in the period of his life congenial ten- 
dencies, and he had the good fortune, denied to many, of neither 
being behind nor in advance of his age, but of being in perfect 
harmony with it He neither pestered the world with premature 
projects destined to failure because the neceseary contemporaneous 
conditions were not present ; nor retarded the advance of im- 
proveoient by advocating old errors ander new forms. On the 
contrary, his inventions were founded on well-established prin- 
ciples, and coneequeutly were positive additions to hamaa power 
and efficiency. 

Mr. Saxton in early life had few advantages of education, 
nothing more than what was afforded by an ordinary common 
school, but he possessed a mind of general powers which enabled 
him to grapple with a large class of subjects ; and ao imagination 
which teemed with new conceptions, especially in the form of 
scientific inventions. Whether these traits had been especially 
manifested in any of his progenitors, I have no means of ascer- 
taining. His father was James 8axton, who with his wife Han- 
nah Ashbangh, was the parent of eleven children, of whom the 
subject of our sketch was the second. James Saxton, the father, 
was a man of talents, bat did not apparently apply them per- 
sistently to one pursuit. He occupied in snccession the position 
of an assistant in a banking establiahraent, a jnstice of the peace, 
and that of a proprietor of a nail manufactory, the first ever 
erected in the part of the country in which he resided. He was 
of English descent, his wife belonged to one of the Qerman fami* 
lies of Pennsylvania, and was noted for her good common sense 
and efficient housekeeping. 
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At the age of about twelve years Joseph was put iolo his 
father's nail factory as a working hand, and soon evinced his 
talent for invention by an improvement iu the machiuery whicli 
added materially to its efficiency. 

Becoming discontented with the monotony and mechanical 
dmdgery of the nait factory, at his earnest solicitation he was 
apprenticed to the village watchmaker, but after being in this 
occupation for aboat two years he was thrown oat of it by the 
death of his employer. 

After this he amnsed himself with the constrartiou of ft print- 
iag-presB and the publication of a small newspaper, irregularly 
issued. His first speculation in the line of science was an at- 
tempt to explain an accident which nearly cost him his life. 
He had become the possessor of a new rifle, and on loading it 
for the first time, after patting in the powder and insertiug the 
ball covered with its greased patch, he found to his surprise 
that, on attempting to push down the ball with the ramrod, it 
sprang back, in one instance with each velocity as to project the 
rod out of the barrel. Detennining to force down the ball what- 
ever the resistance might be, he placed the projecting end of the 
rod against the trunk of a tree, and then with the momentum 
acquired by the weight of the gun gave a powerful push, which 
ir&a attended with a result entirely unexpected. The ball was 
indeed forced in, but, in overcoming the resistance, an explosion 
took place, which shattered the ramrod' into fragments and pros- 
trated him at full length, almost lifeless, on the gronud. Re- 
flecting on this incident, which could not fail to make a deep 
impression oa his mind, he came to the conclusion, probably by 
the analogy of the heat evolved in hammering a nail, that there 
is heat in the air, and that, by the violent pressure to which he 
had subjected it in attempting to urge down the ball, he bad 
pressed out this heat, and thus fired the powder. 

Learning by subsequent inquiry that his hypothesis was in 
accordance with received principles of science, he was naturally 
awakened to the conscioDsness of the possession of powers of 
original thought — a discovery which was nndoabtedly attended 
with pleasurable emotions, and which would in no small degree 
promote self-confidence. 

He had now arrived at the age of eighteen. Conscious of 
mental power, and desirous of extending his sphere of action 
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and his meaDS of acquiriEg kDowledge, he resolved to leave hia 
home and seek his fortnce in Phiiadelpbia, the fame of trhich 
had often e:ccited hisjoathful inioginatioa. In this enterprise 
he iuduced two of his compaaions of about the same age ee bira- 
self to join. They first repaired a boat which be had preriously 
coDstracied as a large mode) of a man-of-war, and, after furnish- 
ing it with a supply of provisions and placing on board all their 
worldly effects, they launched forth, and were rapidly borne by 
the current of the river on their adventurous voyage, with but 
little need of aid from oar or sail. The news of the intended 
departure of the trio produced in the isolated village of Hunt- 
ingdon quite a sensation, and called forth much discussion as to 
the probability of the project being abandoned before the adven- 
turers had passed the neigbborlng settlement, five miles below. 
Indeed, so great an interest was awakeoed in this question that 
a considerable number of their friends and acquaintances accom- 
panied them along the bank to the village just mentioned with 
the expectation of seeing them give np what appeared to be a 
foolhardy undertaking. But this occurrence served but the more 
to induce perseverance; for, although they were probably op- 
pressed with sadness at leaving home and friends, with no defi- 
nite prospect before them, they were sustained by their pride of 
consistency, and were soon carried by the current out of sight of 
their followers. They reached, without any incident worthy of 
notice, the city of Harrisburg, but here the river became so 
turbulent thafnavigation in the boat was no longer practicable, 
and, as their provisions were exhausted and their pockets but 
sparingly supplied with the means of procuring more, they 
sought B purchaser for the boat, and after some difficulty fonnd 
one in the person of the landlord of a small German tavem, who 
agreed to give for it ten dollars in cash, with snpper, breakfast, 
and a night's lodging for the party. The bargain, however, 
came near being cancelled on the part of the landlord, who, being 
a heavy man and eager to test the capacity of his purchase, 
imprudently stepped on the side of the boat as it floated near the 
wharf, and was immediately plunged beneath the surface of deep 
water, from which he was with difficulty saved from drowning 
through the assistance of the trio. Disgust«d with bis first essay 
with the boat, he declared that it was an uncertain craft, of 
which he would not be the owner ; fortunately, however, after 
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having recovered from his fright, aod been provided by his wifo 
with dry clothes, he concluded to ataod by hia engagement. 

Tbe next morning our tiavellers started at no early hour to 
accomplish the remainder of tbe journey on foot; and in due 
time, with a prudent nae of the money obtained from the sale of 
the boat, arrived in Philadelphia. Here they separated, each to 
commence the battle of life fur himself, with what result, except 
in the case of yoang Saiton, we are not informed. 

He was provided with a letter from a friend in bis native 
Tillage, commending him in warm terms to a watchmaker in 
Chestnut Street. This person gave him employment for some 
time, when he left the business of watchmaking to become an 
engraver. lu this employment he learned to draw with facility, 
and to sketch from nature with considerable eCTect. While with 
the watchmaker, he invented a machine for cutting tbe teeth of 
wheels, the outlines of which were true epicycloidal curves. 
This ioventioD, which evinced profound tbongfat and remark- 
able ingenuity, is of great value in the construction of chrono- 
loeter wheels, as well as those of all other kinds of machinery. 

He remained but a comparatively short time in tbe study of the 
art of «ngraviDg, and next became associated with Isaiah Lukens, 
a celebrated machinist of Philadelphia, who was noted in all 
parts of tbe TJnited States for having detected the imposition in 
the Red-heifer machine, which bad attracted much attention as 
a working perpetual-motion. While associated with Lukens, he 
coDstrocted an astronomical clock with a compensating pendu- 
lum, and an escapement on a new plan devised by himself. This 
clock kept excellent time, and is, I am informed, still in good 
condition. He also constructed the town clock for the city of 
Philadelphia, which continues until the present day to proclaim 
the passing hours from the belfry of Independence Hall. 

He acquired in Philadelphia a reputation for great ingennity, 
and was elected a member of the Franklin Institute, an establish- 
ment then just commencing its career, and which still preserves 
a vigorous and active existence, after having done more than 
any other institntion for the advancement of the economical and 
mechanical arts in this country. In this society he became 
associated with Prof. Bacbe, Q. W. Smith, Fred. Fraley, Prof. 
Cresson, J. T. Merrick, and a host of other young and enter- 
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prising men who have all perfansed important parts in the drama 
of life. 

Impelled by a desire to enlarge hie koowledge, be resolred to 
visit England, and for tbia purpose carefully boarded his 
income. On bia arrival in Londou, be placed big monejr in 
charge of a bankiug-bonse, wbicb shortly after stopped pay- 
ment, and left him amid the social solitude of an immenee city of 
etrangera, without frieuds, acquaintances, or the means of 
adequate support. He was not, however, destined to remain 
long in this condition. He soon made himself known at a new 
institution, called the Adelaide Gallery of Practical Science, an 
establishment founded in 1831, for the purpose of exhibiting 
acientiGc noveltiee, to illustrate scientiQc subjects, aud to afford 
discoverers, inventors, and maanfacturers an opportunity to bring 
before the public their works in an attractive and interesting 
manner. This Gallery, besidesan extended series of pbitoso[^icaI 
apparatus, contained a class of objeeta which would afford 
amusement as well as instruction. Sncb was the Persian rope> 
dancer and the oriental magician, which were never-failing 
objects of admiration to the yoang as well as to the more ad* 
Tanced in age who were led to inquire into their ingenioua and 
elaborate mechanism. 

The first contribution which Mr. Saxton made to this instito* 
tion belonged to the class vo have just mentioned. It waa 
denominated tbe "paradoxical head." This consisted of the 
figure of the bead and bust of a Turk, carved with artistic skill, 
around tbe otherwise caked neck of which was a black ribbon, 
having what appeared to be a seam along tbe middle of its 
length. Tbe head aud the bust were apparently carved from 
one piece, and yet, to the surprise of the beholders, a deilerons 
master of fence wonid, after a few flourishes of a thin sword, pasa 
the blade throagh the neck, apparently severing the head from 
the body, yet without disturbing the connection. This toy 
attracted great attention, and gave rise to much speculation as 
to the plan of its constmctioa By many tbe connection was 
snpposed to be maintained by magnetism. This, however, was 
not tbe true explanation. Tbe effect was produced by an ingen- 
ious arrangement of mecbaDiam, which enabled the blade of the 
Bword, iu its passage through the neck, to unlock and lock in 
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Buccesaioa a series of catcbea, leariog the same connection after 
as before the passage of the blade. 

The Adelaide Qallery was at the time one of the chief objects 
of interest of the British metropolis. The exhibition of the 
paradoxical head led to the employment of Mr. Saxton in varions 
ways to add to the attractions of the gallery. He constructed 
for it a compound steel magnet which snstained the weight of 525 
poands, and also a magnetic needle of several feet in length with 
a mirror on its end, which exhibited for the first time by the 
movement of a reflected beam of light, on a magnificent scale, 
the daily and hourly variations of the magnetic force of the earth. 
He also added to the attractions of the gallery various interesting 
objects, such as a series of minia^nre vessels of various forms ap- 
parently sailing with a fair wind on the surface of an artificial 
lake, although impelled by ingenioas contrivances of clock work 
in the depth of the water. He also fitted np a diving bell with 
glass sides in which visitors were sent to the bottom of a deep 
tank. 

Id connection with the Adelaide Qallery he soon became inti- 
mately acquainted and lived on terms of firiendly intercourse with 
some of the most celebrated engineers and mechanicians of the 
day. Among these were Telford, Brunei, Whitwell, Hawkins, 
and others, whose names are associated with some of the proudest 
monuments of English engineering. Through the influence of 
these gentlemen, he was introduced to the meetings of the Koyal 
Institution, and admitted into friendly relationship with the pre- 
siding genius of that establishment, the world-renowned Michael 
Faraday. In such association, he breathed a congenial atmos- 
phere, his peculiar faculties being exercised to the utmost ; and, 
stimulated by the applause of enlightened appreciation, hie mind 
teemed with new suggestions. 

For several years, about this time, he kept a diary in which h» 
recorded daily events intermingled with suggestions which illus- 
trated his habits, his thonghts, and his varying employment. 
From this record which has been placed id my hands for perusal, 
it is evident that be was a critical observer ; that his sympathJeB 
were many sided ; that he kept himself posted in the occorrencea 
of the day, and systematically devoted a portion of time to read- 
ing the newspapers and the scientific journals of the period ; that 
he took a lively interest in the passage of the celebrated reform 
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bill, then nnder discussion ; aod was always alive to ever; item 
of news from America. For althongh he was living under the 
protectioD of a foreign gOTernmeDt, be ever cheriBhed ao ardeot 
attachment to the iostitutioDS of his own country ; indeed bis 
patriotism was a marked trait of his character, which evinced 
itself Id our late civil war by the warmth of his expressions in 
favor of the Union. It was during tbe time we have mentioned 
that he made his great scientific invention of the magneto-electric 
machine. Dr. Faraday in 1831 had discovered the primary facta 
of electro-dynamic indnction, and also those of magneto^Iectri- 
city. He had shown, first, that, 'when two insulated conducting 
wires are placed near, and parallel to each other, and a current 
of electricity is passed through one of the wires, an induced 
current will be excited for an instant in the other wire, and in an 
opposite direction to the inducing current Furthermore, at the 
cessation of the primary corrent, an induced current will take 
place in the same direction as the primary. These are tbe funda- 
mental facts of electro-dynamics. The analogous facts of mag- 
neto-electricity are as follows ; If an insulated wire be coiled into 
the form of a helix, and into this helix a permanent magnet be 
thrust, a current of electricity will circulate for an instant throngb 
the wire ; while the magnet remains at rest within the coll no 
electrical phenomena are observed ; hut during the act of drawing 
ont the magnet, an induced current in the opposite direction will 
be produced. The two sets of analogous phenomena &1I into the 
same class, if we adopt the theory of Ampere, that the magnetism 
of a bar of steel consists of a scries of currents of electricity re- 
volving around the atoms of the magnet at right angles to its 
length. The existence of these cnrrents of induction was indi- 
cated by Mr. Faraday in the motion of a delicate galvanometer. 
These discoveries were tbe intimations of the hitherto unknown 
action of all-pervading forces, which required clear conception, 
and ingenions combinations to call them forth, as it were, with 
palpable energy ; and to do this was the task which Mr. Saston 
essayed. The solution of the problem was one of great difficulty. 
The current or indnction esisted but for tbe fraction of a second, 
and in that time gradually increased from nothing up to a maxi- 
mum and then declined. The problem was to exhibit this current 
at tbe period of its greatest quantity and intensity, and for this 
purpose it was necessary to break the closed circuit in which it 
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moved at the critical moment, to close it again at the proper 
time, and bo on. Ttiese requisites were admirably provided for 
hj the simplest possible airangemeDts, which could only hare 
beea iDvented by one who had a clear and deGoite conception of 
the natare of the force to be developed and an imagination to 
suggest the means by which the result was to be accomplished. 
Success was, however, obtained by Mr. Saxton apparently with- 
out much mental effort, and the enconntering of any great diffi- 
culties. 

It was a part of the general principle discovered by Mr. Fara- 
day that, if an insulated or coated wire were wonnd with many 
coils around a cylinder of soft iron; which is suddenly magnet- 
ized by touching its end with a magnet, the same effect would 
be produced as that described by thruBting in and drawing out 
a permanent magnet. A current in one direction would be ei- 
cited in the coil when the core became magnetized, and a current 
would be produced in an opposite direction the moment the mag- 
netism ceased. Mr. Saxton adopted for the inducing magnet to 
be employed in his machine, a compound one consisting of a 
number of steel bars bent into the form of a horseshoe, magnet- 
ized separately ; and then screwed together so as to form one 
powerful combination. For the inducing part of the apparatus, 
he bent a cylindrical rod of iron of aboat three-fourths of an inch 
in diameter twice at right angles so as to produce the form of a 
V, the parallel legs of which were at the distance of that of the 
centres of the two poles of the permanent magnet. Around each 
of these legs he wound 30 or iO yards of insnlated copper-wire. 
Now it is evident from the principle before stated that when the 
two ends of the legs of this U of soft iron ore brought in con- 
tact with the poles of the permanent magnet, an instantaneous 
current will be produced in the natural elactricity of the wires, 
each in a direction opposite to the other. Again, when the soft 
iron U is drawn suddenly away from the poles of the permanent 
magnet, a reverse current will take place in each of the coils. 
But a more intense effect will be produced if the legs of the soft 
iron horseshoe or U be made to rotate before the face or poles 
of the permanent magnet, so as to slide off of one on to the other. 
In this case the effect will be double that of separating it simply 
from a single pole ; since, if, in passing from the Gret pole it 
loses its magnetism, in passing on to the second it may be con- 
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aidered rs being de-nn^oetized Btill further since it is cfaaoged 
into the opposite magnetism. A similar result will be produced 
witli the other leg of the horseshoe. To excite, therefore, the 
greatest possible amount of electrical iudnctioii, Mr. Sastou 
fastened the U to a revolving axis passing through its crowu, to 
which a rapid rotation could be given by means of a driving 
wheel and pulley. Id order, however, to obtain manifestations 
of the induced currents produced in the copper-wire, the two ends 
of the coils were bo soldered together, as to give a single current 
in one direction through the entire length of the coils. One of 
the remaining ends was then permanentlj soldered to a circular 
disk fastened concentrically to the revolving axis by an insulating 
collar, with its plane perpendicular to it. This plate dipped 
into a cnp of mercury. The other end of the wire was soldered 
directly to the revolving shaft or axis. In this arrangement the 
insulated disk formed one pole of the long wire, and the revolving 
shaft the other ; but as they were not connected, no electrical ex- 
citement was observed when the bobbins were revolved. To 
make and break the connection at the proper moment, two wires 
were soldered diametrically opposite each other on a ferule which 
fitted tightly with friction on the revolving shaft. These wires 
standing out at right angles to the shall were cut off at such a 
length, that at each revolution, the ends wonid plunge into the 
same cup of mercury with the revolving disk, and thus complete 
and break the circuit twice with each revolution of the bobbins. 
These wire points were then so adjusted by turning the ferule on 
the shaft as to cause tbem to enter and leave the mercury at the 
moment when the magnetism was increasing or diminishing most 
rapidly, and consequently when the current had the greatest in- 
tensity. 

With this instrument he was enabled to exhibit a brilliant 
electrical spark, to decompose water, to show the electrical light 
between charcoal points, and to give a rapid series of intense 
shocks. The instrument was exhibited to the public for the 
first time at the meeting of the British Association at Cambridge 
in June, 1833, where it excited much interest, end was perma- • 
nently placed in the Adelaide Gallery in August of the same 
year. The poet Coleridge, who was present at its exhibition in 
Cambridge, spoke with enthusiasm, not only of the magnitude 
of the discovery of the inductive electrical effects of n 
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one of tho clftims of Faradaj — to imperiGhable reputation — ^bat 
also of the ingenious inTeiitioD of Mr. Saiton, by which tba 
trauBKat electrical currents might exhibit their effects in so 
brilliant aod so powerful a manner. 

Strange to say, however, uo description of this instrument was 
published in any journal until 1836. la the August number of 
the London, and Sdiniurgk Philosophical Magazine of that year, 
an instrameat^malceF in London by the same of Clarke published 
an account of a machine identical in principle with that invented by 
Mr. Saxtoo, differing from it only in a few unessential arrauge- 
meuta of parts — afibrding one of the most signal instances of 
nnblushing piracy on record. 

Saxton's reclamation was published in the October number of 
the same joonial, and is a dignified and convincing exposition 
of the wrong to which ha bad been subjected. It ia, with the 
exception of the description of the iustrament, given in full in 
the following extract from the journal before mentioned : — 

" I regret that I am called upon to notice a very disingenuous 
article in the number it( the Philosophical Magazine for October. 
A reader, unacquainted witii the progress which mt^eto- 
electricity has made since this new path of science was opened 
by the beautiful and unexpected discoveries of Faraday, might 
be milled, from the paper I have alluded to, to believe that the 
electro-magnetic machine there represented was the invention of 
the writer ; aod that the experiments there mentioned were for 
the first time made by its means, ^a conclusion, however, 
wonld be more erroneoua. The machine which Mr. Clarke calls 
hi» iaventioa difTers from mine only in a slight variation in the 
sitaatioD of its parts; and is in no respect superior to it The 
e^eriments, which be states in such a mimner as to iusinu^te 
that they are capable of being made only by hii machine, have 
every one been long since peribrmed with my instrument; and 
Mr. Clarke has had every opportunity of koowiog the truth of 
this stalemeat 

" Though my machine is well known to the pnblie from its 
constant exhibition at the Adelaide Street Oallery since August, 
1S33, and my claims as its inventor have been acknowledged by 
Professors Faraday, Daniel), and Wbeatstcne in papers of theirs 
published in the Philosophical Transactions, yet, as no descrip- 
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tioD of it has jet been published, I will thtiDk jod to tBeert tht 
rollOTriDgin the ensuing- nnmberof the PftiiosopTtioai Magazine." 

After giving an account of his machiao, he concludes as 
follows : — 

" In conclusion, I think it will be evident, from the preceding 
Btatemeot, that the magneto-electrical machine, whieb Mr. Clarke 
has brought forward 'after much anxious thought, labor, aod 
expense,' is s piracy of mine; the piracy consisting not in 
manufacturing the instrutnent— for erery one is at full liberty to 
do so — bat IE calling it an inventiou of his own, and auppreesing 
all mention of luy name as connected with it." 

This reclamation, however convincing, was too late to prevent 
the introduction of the name of Clarke as the inventor of the 
magneto- electrical machine in the contineDtal journals ; and even 
in the extended history of electricity by Becqnerel, the credit is 
given to the sanro person. 

Daring Mr. Sazton's residence in London, he also invented 
the locomotive diETerential pnlley, a descriptioQ of which, and 
the method of producing rapid and uninterrupted travelling by 
means of a succession of such pulleys by horse power, was given 
by Mr. John J. Hawkins to the British Association, at its third 
meeting, held in Cambridge, in 1833. The fundamental principJe 
of this may be nnderatood by supposing motion to be given by 
a cord to a pulley, say sii inches in diameter, around the axis of 
a wheel of Eix feet in diameter. It is evident, then, that if 
motion be given to the fimaller pulley by nnwinding the rope, 
the larger wheels wilt move with a velocity of twelve times that 
of the smaller wheels, or, in other words, with twelve times the 
velocity of the impelling rope, and give an equal velocity to 
another rope to which carriages may be attached. Mr. Hawkins 
concluded from his ealcniation that a continnons motion of thirty 
miles an honr could be given to a passenger coach by relays of 
holies, walking at the rate of two and a holf miles an honr. A 
company was formed for the application of this invention on 
canafs, but owing to the great success of steam locomotion the 
project was abandoned. It may, however, be yet applied in 
elevated railways, and under conditions in which the immediate 
application of steam power cannot be made 

Mr, Saxton also invented an apparatus for measnring the 
Telocity of vessels, which was applied with a dynamometer for 
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determiDipg th« reeiataDce of Teasels on a canal with different 
velocities. 

It appears from his diary that at one time he bad the princi- 
pal charge of the apparatus of the Adelaide Oallerf, acd this 
gave biin an opportunity of making observations and experiments 
of interest. He states that on Gring a Tolley of lead balls from 
a Perkins steam gun, which was one of the objects on exhibition, 
against an iron target, a glow in the dark was obserred of a 
nebulous appearance, each ball as it struck the iron emitting a 
flash of light He experimented with the apparatus for con- 
densing carbonic acid and for its use in the propnlsiou of balls ; the 
result, however, did not answer his expectations. Too much of 
the elastic power of the substance, he says, was expended in 
moving itself to give the ball a comparatively great velocity. He 
also made experiments with the apparatus invented by Mr. Per- 
kins for exhibiting the compressibility of water. This consisted 
of a strong cast-iron bottle into the neck of which a cylindrical 
plunger was carefully fitted, and this was forced down into the 
vessel when filled with water by means of a hydrostatic press. 
The degree of compressibility of the water was indicated by a 
ring on the plunger which being pushed up by the descent of the 
plunger retained its poaitioa by friction, and thus indicated the 
depth to which the rod had been projected into the wat«r. The 
result of the experiments gave a much greater ratio of compressi- 
bility than was afterwards obtained by Oersted of Copenhagen. 

The difference was probably due to the fact that under the 
great pressure to which the apparatus was subjected, a portion 
of the water was forced into the pores of the iron, and thereby, 
as it were, increased the capacity of the vessel. This explana- 
tion is rendered the more probable from an experiment made by 
Hr. Saxton himself, which consisted in filling a small ball of 
brass with thick aides, entirely with woter, secured by a screw 
tap. This, being subjected to a temperature below freezing dur- 
ing a cold night, was found in the morning covered with miunte 
filaments of ice which the expansion of the water had forced 
through the pores of the metal. 

Mr. Saxton during his life was fond of rural sports. He was 
a very successful angler, and early excited the admiration of his 
companions by the invention of a simple instrnraent by which he 
conld project his line into the middle of a rapid river, while 

20 801 
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standing on its bank. For this purpose he cut a shingle or thin 
board into the form of a fish, loaded one edge so that it would 
float vertically ; from the lower edge of this he suspended lines 
with baited books ; to one of the flat sides of this fish he applied 
three cords united in one long string, after the manner of the 
cords of a kite. When this instrument was thrown into the 
water, and the fisherroan on the bank, holding the end of the long 
string, ran a short distance up the stream, the artificial fish would 
move off into the middle of the river and there remain, for the 
same reason tliat a kite ascends in the air aud remains at a high 
altitude, under similar conditions of pressure and equilibrium. 

He also amused himself with hunting, bnt even in this the 
pleasure was more in the eserciee of his inventive faculties than 
in the gratification of the remnant of the brutal propensitieB 
which induces civilized man to the wanton destruction of animal 
life. 

The use of ordinary instruments was not safBcient for the 
gratification of his tastes. He was in the habit of employing an 
air-gUQ of which the reservoir, syringe, and barrel were formed 
of the several parts of an ordinary sized walking cane. In the 
use of this instrument he was extremely espert, and could dis- 
charge a number of balls in succession through a mark on an inch 
board at several rods distance. He also attached a small tele- 
scope to his rifle, adjnsting its asis to that of the bore, so as to 
insure the hitting of the target at a great distance when the 
cross hairs in the focus of the telescope apparently cut the bull's 
eye. For the use of this gun he invented what has since been a 
source of great emolument to the owner of a patent right; I al- 
lude to the metallic cartridge now so generally used, especially in 
the art of war. 

In the diary which we have previously mentioned, there are 
accounts of various inventions which had suggested themselves 
to him during the mental stimulus of hie life in London. Among 
these are the method of indicating the height of water within a 
steam boiler, which consisted in placing a floating hollow magnet 
in a copper tube ; communicating at one end with the top, and 
at the other with the bottom of the boiler. Surrounding this 
tube was another of glass also containing water in which a second 
magnet floated, the position of which marked the height of water 
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in the boiler. An ioTeution eimilar to this haa since been pat- 
ented and brought into use. 

Another iuventioQ nas that of « fountain pen, which, in prac- 
tice, fully realised his anticipations; another, ao ever-pointed 
pencil, vhich was among the first of the various forms of this 
inetrnmeDt of «zpressiDg thought which have since been adopted. 
Although hia mind was more directed to the application of scien- 
tific principles than to original iaveetigatioD, yet under different 
conditions of life and of early mental training, he woald nndoubt- 
edly have excelled in this line. Besides the esperiments we have 
alreadj mentioned, he records a aerie:* of experiments in relation 
to the lateral adhesion of a current of water projected through a 
reservoir of the liquid, and finds in one experiment, that fourteen 
times as much water was thrown oat of a shallow basin as was 
projected iuto it through the nosile of & sjrringc, obliquely in- 
serted under the anrface. 

He also gives a method of determining the position of the in- 
terior magnetic poles of the earth, by projecting, in the form of a 
large circle, a section of the earth through the magnetic meridian. 
On the circamfereoce of this drawing, he next projected the dip 
of the needle in different latitndes from the equator to the pole, 
and by prolonging these projections antil thej meet in the in- 
terior of the earth, determining the position of the centres of 
magnetic in6uenee in the two hemispheres. By this process, he 
arrived at the conclusion that the magnetic polarity of the earth 
is deeply seated in the interior, and that consequently the niag- 
Detiam of the globe may be represented by a comparatively short 
magnet, the axis of which passes through the centre of the globe. 
A resnit similar to thia was afterwards arrived at by a aeries 
of mathematical investigatlone by the celebrated Poisson. He 
also made a drawing of an arrangement of apparatus for obtain- 
ing an electrical spark from the magnetism of the earth. This 
consists in the rapid revolution of a large bar of soft iron on a 
faoriEontal axis at right angles to its length in the plane of the 
meridian, the bar being surronnded with a very long wire, insu- 
lated with a covering of silk; an arrangement being made to 
break the circuit at the instant of the bar receiving the greatest 
amountof magnetic indoction. He succeeded by this arrangement 
in producing currents of electricity of considerable power, but for 
the want of a sufficient length, at the time, of insulated wire, ha 
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was unable to increase the intensity eafficieutlj to prodaee the 
spark, but that the result intended to be arrived at coald be 
produced in this way there is do cause for doubt, provided tlie 
apparatus is constructed on a aufficteut scale of ma^itnde. 

1 should hare mentioned that Mr. Sazton constructed the sppa- 
ratua by which Prof. Wheatstone made his celebrated experiment 
of measuring the velocity of electricity in its passage through a 
long wire. In this experiment the remarkable fact was dis- 
covered that in the discharge of a Leyden jar through a long 
wire the disturbance, whatever may be its nature, takes time for 
its propagation, and arrives last at the middle of the length of 
the conductor. On the cause of this phenomenon Mr. Saxton has 
some iugeuious reflections. 

While in London Mr. Saxton was elected a member of an 
experimental society, composed of men of scientific skill and 
mechanical ingenuity. It met once a week for the purpose of 
investigatiDg certain classes of phenomena which did not reqnire 
complex apparatus or long-continued observation. As an illus- 
tration of the character of this society, which might be adopted 
with advantage at the present day, I may be permitted to give 
an account of an investigation which it made of a phenomenon 
described by Sir D. Brewster in his work on Nataral Magic, 
and which was said to have been exhibited in Italy by an officer 
in the American. Navy. A man is laid on a table, &ce upward, 
with his arras crossed over his breast, and his whole body kept by 
sustained volition in a rigid condition ; six other men then 
arrange themselves, three on each side, at nearly equal distances 
apart, so that two stand opposite each other at the shoulders, 
two opposite each other at the middle of the body, and the two 
others at the knees. Each of these then projecting the forefinger 
of each hand place it a little way under the body, and at a given 
signal, all, including the man on the table, inhale as full an inspi- 
ration of air as possible, and at another signal instantaneonsly 
and slowly breathe out the air over the recumbent subject, at the 
same time lifting gently, when the Ixidy will, according to the 
account, rise apparently withoat effort on the part of the lifters, 
and remain suspended for an instant on the ends of the fingers 
until the expiration of the air is completed. In the investiga- 
tion of this phenomenon, as in that of all others, a director of the 
investigation was appointed whose instructions were implicitly 
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followed. At the concluaioa of a series of esperiments the 
results were discnssed, and &aj omissioDS that might have 
been observed were considered. If these were important the 
experiments were repeated, and bo on nntil everj doubt was 
remored, and DDaniniitf of opinion obtained. In the case iu 
question every member of the Society was at one time or another 
the load or a lifter, and particnlarl; the heaviest and the lightest 
members were in snccession placed upon the table. At the first 
trial some snrprise was expressed at the apparently little effort 
required to elevate the body, and with the aid of a iittle imagina- 
tion, persona not accustomed to scientific investigation might 
have thought that there was something mysterious in the result. 
But after full discussion it was concluded that the effect observed 
was due to the tension of the muscles of the body, the simulta- 
neons effort of the lifters, and, above all, to the fact that the 
weight of an ordinary sized man, of say 150 pounds, when divided 
among six persons, or rather among twelve hands, would give to 
each hand only a little more than twelve pounds. Bnt to bring 
this explanation to the test of experiment, a spring balance was 
attached to each forefiager of the lifters, and the amount of force 
tboB exhibited being noted, the sum of the forces exerted was 
fonnd exactly equal to that of the weight of the body lifted. 
The feat of supporting the weight of the smallest member after it 
had been elevated, for any length of time, upon the forefingers of 
six persons was found impossible. 

In this Society Mr. Saxton, by bis ingenuity in devising ex- 
periments, and his dexterity and skill of manipalation, was an 
active and important member. 

He left London on the Ist of May, 1837, on- his return to 
America, having been offered by Dr. Patterson, Director of the 
United States Mint in Philadelphia, the office of the constructor 
and curator of the standard weighing apparatus of that establish- 
meat. Previous to this, however, he had been tendered the ofBce 
of director of the printing machinery of the Bank of England, but 
from undimiuiBhed attachment to bis native country, notwith- 
standing nine years of absence, he declined the flattering propb- 
sition. 

On the eve of his departure a farewell dinner was given him at 
the Piazzi Coffee House, at which were present some of the most 
prominent engineers and savants of the city. At the close of the 
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banqnet a work oa mechanics was presonted to hint, bj tbe 
editor, Jqo. Isaac Hawkins, od tbe flj-leaf of wbicb waa tbe 
following inscription : — 

" Preseiit«d April 26, 1831, hy th« Editor, to Joseph Saxton, 
Esq., of Philadelphia, at a fefewell dinner given tohirainLondoo, 
previous to hia departure for America, by eighteen of his fHends, 
as a tokea of the high eetimation in which they bold him as a 
mechanician of the first rank, and a man of science generally; in 
which estimation his fellow-cltizeu, the Editor, atauda secood to 
no one." 

As a farther illostratioD of the estimatjon in which he was held, 
I may quote, from a acientiKc journal' published at the time in 
London, the following extract : — 

"Mr. Saxton, of PUladelphia, now in Londoa, who is justly 
celebrated for his acute feeling in regard to the nature and value 
of accuracy in mechanism, and who ia reputed not to be excelled 
by any man in Earope or America for exquisite nicety of work- 
manship, has made an iBatnuuent for catting tbe teetb of watch 
wheels truly epieycloidal. Such an iastrament ought to be in 
the bands of erery engineer." 

While in London, Mr. Saxton perfected the medal-ralin^ 
machine ; an apparatus for tracing lines on metal or glass, at a 
minnte distance from each other, which shall represent by an en- 
graving the design on tbe face of the medal. A machine of this 
kind was invented in 1817 by Mr. Gobrecht, of the U. S. Mint, 
and applied to tbe engraviDg of medals. This was bnt the first 
step in tbe invention, tbe machine being applicable only to medals 
of low relief It is not difficult to imagine an arrangement of 
machinery such that, while a blunt point, fastened at one end to 
a movable beam, in tracing a line across the face of a medal, 
rising and falling, according to the elcrations and depressions 
over which it passes, another point conuected witb the same beam, 
shall draw a profile of this line on a flat surface. The simplest 
mode of effecting this would be that of placing tbe surfoce to be 
engraved at right angles to tbe plane of tbe medal. But the 
same can be effected, where the two surfaces are in one or iu 
parallel planes, by a series of levers, which will convert the 
Tertical into a boriaontal motion. If now the tracer be made to 

I ICaguIiw of Popnlar Sctvncs, LoBdoB, 183L 
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move BuccesBively io a series of parallul lines at eqaal, miante 
distBDCeg over the whole suifftra of the medal, and at the same 
time the vertical motion is conrerted ioto one at right aogles oa 
the plate, a series of profiles will be engraved whicli together 
will form a picture of the medal. Id this instnimeDt, wheo the 
tracing point passes across any part of the medal in a straight 
line, a similar straight line will be etched or cat upon the plate ; 
but when the tracing point rises above the base of the medal, 
the etchiag point will deviate from a straight line by a distance 
either equal to or proportional to the elevation. Two conse- 
quences follow ^m this effect. First, when the profiles of two 
consecutive tinea passed over bj the tracer are drawn on the 
plate, the more the second line rises above the first, the closer 
will the second line approach the first, and vice versa. Hence, 
the etching of that part of the medal along which the tracing 
point ascends in its saccessive passages will have its lines closer 
together ; and that of the part along which the tracing point 
descends will have its lines farther apart than tliose lines pro- 
dnced by the flat parts of the medal ; and these crowdings and 
separatings of lines will produce shadings exhibiting a picture 
of the medal. But a second consequence of this arrangement is, 
that points which are in the same cross section of the medal are 
not represented in the corresponding cross line of the plate, but ' 
deviate ftom it in proportion as the path of the tracer is higher 
or lower. This gives rise to a distortion of the features, chang- 
ing, for example, the relative position of the eye and the ear. 
This effect, though not very perceptible in copies of medals in 
low relief, becomes very objectionable in those of high relief. 
This defect, which was inherent in Mr. Qobrecht's instrument, 
was entirely remedied by Mr. Sazton. His improvement con- 
sisted in an ingenious contrivance by which the etching point 
was made to move over a distance equal to the horizontal pro- 
jection of the tracing point in its up and down movements as it 
passes over the surface of the medal. For this purpose, the up 
or down movement of the tracing point must be to the movement 
of the etching point as the hypothennse of a right-angled triangle 
to its base. And, furthermore, to effect this, he caused the 
tracing style to be inclined at an obliqne angle to the plane of 
the plate, usually that of 45°. By thene changes, requiring in- 
TeDtive powers of a high order, he removed entirely the distortion, 
SOT 
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and rendered the ruliDg-mftcbine capable of engraving Tac eimiles 
of medals, as well of high as of low relief. He aubseqaently 
rendered the apparatus entirely automatic bj applying to it the 
motive power of water or steam, bo that when once Bet in 
motion it would faithfully perform its task with unerring pre- 
cision ; and, when the ruling was completed, it wonld stop on 
the instant, cutting off the motive power. The rapidity of the 
execution was another feature of the apparatne ; one face of a 
coin, an inch in diameter, ruled with lines the one two-hnndr^dths 
of an inch apart, was completely engraved in about half an hour. 
The importance of this machine may bo inferred from the fact 
that a new book of coins seems to be required by the commercial 
world about once in twenty years ; and such a work is of com- 
paratively little value unless fully illustrated by reliable engrav- 
ings. A very interesting work prepared by Mr. Jacob R. Eck- 
feldt and William DaBoie, of the United States Mint, entitled 
"A Manual of Gold and Silver Coins of all Nations struck within 
the last Century," was published in 1843, and admirably illus- 
trated by numerous engravings primarily executed by the appa- 
ratus we have Just described. This work, which is well known 
to the professed nnmismatologist, shonld be in the hands of 
every one who desires to become acquainted with this branch of 
historic records. It is dedicated to Robert M. Patterson, M.D., 
Director of the Mint, and Vice-President of the Philosophical 
Society ; a gentleman who was no less remarkable for his varied 
and profound scientific acquirements than for kindness of heart 
and urbanity of deportment. He was a warm admirer and 
ardent friend of onr lamented associate ; and it was he who, as 
we have said before, recalled Mr. Saxton ftom London and gave 
bim the position of balance-maker to the Mint of the United 
States. 

Dr, Patterson was fond of exhibiting and explaining Saxton's 
ruling machine to the distinguished visitors of the mint. It was, 
indeed, an interesting exhibition to see this machine engraving 
its fine lines, moving its tracer backward and forward, without 
the aid, or even the observation, of a superintendent, and stopping 
when its task was accomplished, and, by the Bonnd of a' bell, call- 
ing for more work. 

" I recollect," says a friend, when the President of the United 
States and his cabinet were making a visit to the mint, the plea- 
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sure manirested bj Dr. Pftttereon in showing the machine in ope- 
ratioa They all appeared deeply interested in the exhibition, 
with the exception of the Secretary of the Treasory, who, when 
told that it was not making, bat copying coins, turned upon his 
heels without giving it farther attention, disappointed, it wonid 
seem, in its not being able to contribute to the material of his 
department." 

Mr. Sazton constmcted dnring his connection with the mint, 
the large standard balances still need in the annual inspection of 
the assays and the verification of the standard weights for all the 
government assay and coining o£Gcea in the XTnited States. The 
knife edgea of these implements are of the hardest steel, turning 
upon plates of agate, and such sensibility has the apparatus, that 
when loaded with fifty pounds it turns with one-tenth of a grain, 
or, in other words, with the three-millionth part of its load. 

Mr. Saxton was elected a member of the American Philoso- 
phical Society in 183T, and renewed his association with the 
Franklin Institute. In November, 1834, be was awarded the Scott 
legacy medal of the latter establisbmeot, for the invention of a 
reflecting pyrometer, in regard to which the following is the 
report of the committee to which the invention was referred. 

" This instrument shone and measures, in a peculiar and advan- 
t^eons manner, the linear expansion of a metallic or other rod 
sutiU'eGted to the influence of beat The rod resting against a 
fixed support at one end, the otfaer end of it presses against a 
sliding bar, which carries an arm attached to one end of a fusee 
chain of a watch. This chain is wound aroand an axle carrying 
a mirror ; and the other end of the chain is fastened to a spring, 
to preserve its tension. Hence as the rod under trial expands, 
and the sliding bar moves, the axle and mirror revolve, and if a 
sunbeam thrown upon this mirror in a proper position, be 
reflected from it upon a distant wall, the angular motion of ^e 
reflected image will be twice that of the axle ; and will serve to 
measure the amount of expansion. As the sun is also in motion, 
a fixed mirror near the revolving one is made to reflect another 
beam, at first coinciding with the former one; and as the latter 
beam moves only with the sun, the angular distance between the 
two reflected beams or images will be twice the angular motion 
of the axle. This instrament is especially valuable for the trial 
of compensating pendulatns, as has been proved by Mr. Saxton. 
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For this pnrpose, the pendalam was iDclosed Id a hollow pyiinder, 
in order that hot or cold water might be osed for raryiog the 
temperature, the cjliDder nas supported Tertically in a proper 
wooden frame ; and the lower end of the peadulum, passing 
through a cock tightly closing the lower end of the cylinder, waa 
adjusted to the sliding bar beneath it, which pressed firmly up- 
ward against the pendulum by the action of a spring. By thia 
arrangcmeDt the reroWiiig mirror was fonnd always to retDrn to 
its first position, when slightly moved by the hand ; thus show- 
ing the delicacy of the mechanisni, and the pendnlnm was con- 
sidered perfect when a change of its temperatore caased no 
motion of the revolving mirror, 

" The Committee deem thia invention oT Mr. Saxton's so useful 
and ingenious that they recommend the award of a Scott's legacy 
medal as a slight recognitioa of his service in the cause of 
science and the useful arts." 

Professor Mayer of Stevens Institate, one of our fellow-mem- 
bers, informs me that he used Mr. Saxton's comparator in an 
elaborate research on the 60*601^ of magnetism in changing the 
dimensions of iron, and fonnd it to exceed in minnte precision 
all other instruments, indicating changes in the length of a bar 
to the jTs^inns^^ P^^ °^ ^^ 'i"^^' 

On the death of Mr. Hassler, superintendent of the Coast Sur- 
rey, in Nov. 1843, Prof. Alex. Dallas Bache was called to fill the 
important sphere of duty thus rendered vacant The oflSce in- 
cluded also the superintendence of the weights and measures of 
the Qovemment, and immediately after his appointment be ten- 
dered to bis friend Mr. Saxton the charge of the construction of 
the standard balances, weights, and measures to be presented to 
each of the States for insuring uniformity of measures in all parts 
of the country. Mr. Saxton accepted this position, and immedi- 
ately removed to Washington, where he was destined to spend 
the retnainder of his days. His labors, however, were not coii- 
fined in this new position to the construction of the weights and 
measures, but were extended to the construction of different por- 
tions of the complex apparatus employed in the varied and multi- 
form operations of the Coast Snrvey. In this connection he in- 
vented an automatic instrument for recording the height of the 
tides, corresponding to the different hours of the day. He also 
applied his reflecting pyrometer to the constraction of measuring 
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rods which would retain their anTftrylDg length while aabjected 
to diGFerent temperatures. These rods were used with great euo 
ceBS in measuring the ttase lines and lines of Teri6cation of the 
snrrey , ao operation which was performed with auch accuracy 
with the Bid of Mr. Saxton's improvementa that with repeated 
measurements under different temperatures in a distance of fire 
miles, a difference would be found not to exceed one-half inch. 

Among other improvements made by Mr. Saston in the appa- 
ratus nsed hj the Coast Snrvey, was that of rendering automatic 
the large dividing machine for graduating the limbs of angular 
iastrnmenta. By this improvement the heat of the body was 
removed, and all irrcgularily occasioned by personal peculiarities, 
snchaa tremor ofhand, defect of vision, etc., was obviated. The 
drawings of the proposed improvementwere made by Mr. Saxton 
and the work executed by Mr. Wurdemann, tfae mechanician of 
the Coast Survey. The machinery is too complicated to be 
understood without a drawing. The power to give motion to 
the apparatus was drawn from the water supply of the bnilding, 
and applied directly to a small turbine wheel of a few inches in 
diameter, the induction tube of which, connected with the supply 
pipe of the house, was of India rubber of about three-quarters of 
an inch in diameter ; the eduction tube was of the same material 
and of the same diameter, passing down through the floor, dis- 
cha^ing the water into tfae drain beneath the house. By this 
arrangement, though the motive power was water, yet none of 
the liquid was observed in the room in which the apparatus was 
situated. The work required to be done by this turbine wheel, 
the power of which was transmitted by a pulley and cord to a 
large wheel turning an axis tangent to the large divided circle, 
was first to move this circle through one division and with it 
through an equal angular space, the smaller circle which waa 
to be divided. The large circle stopped at this point until a 
small lever bearing the marker on one of its ends rose above the 
circle to be divided, moved to itsontercircnmference, then toward 
the centre of the circle across the limb, making a pennanent cut, 
then stopping and remaining stationary until the two circles had 
made another movement equal to a given division, and the above 
mentioned process repeated. These automatic movements were 
effected by an arrangement of cams which converted the rotatory 
into horizontal and vertical motions. The effect on the observer 
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ma tbat of ft series of moTemento produced by hDmsa Tolition. 
Tha resnlte, however, were yctj different, Bioce, bowever admir- 
ably adapted the human machine may be to execute tbe intentions 
of the will, yet tbe will iteeif is inconstant, tbe attention soon 
becomes fatigued, and the application of thought to one un- 
varied process of acts soon becomes nosteady. In .the case of 
the machine, however, there was no effect aoalo^as to &ti^e, 
no tbooght was required to direct at every instwit the motion, 
and tbe pen or marker at tbe extreme point, impelled by a train 
of mecbauism, puraaed nncbangeably its predestined course. 

At the meeting of tbe American Association in Baltimore in 
1858, Mr. Saxton gave an account of the principal applications 
vbicb be had made of tbe revolving mirror to minute measure- 
ments in addition to the pyrometer previoasly described. In the 
. application of this prindple to the adjustment of tbe measnriDg 
rods of the Coast Survey, and for minnte measurements, he bad 
applied, ioRtead of a sunbeam, a graduated scale, the reflectimi of 
which entered the object glass of a telescope and was then ob- 
served bigbly mi^ni6ed With this improvement an elongation 
which does not exceed the one hundred tboneandtb part of an 
inch becomes a very distinct and measurable magnitude. Tbe 
same apparatus was applied at tbe request of Capt. {now Oene- 
ral) Ueigs to determine tbe expansion of different specimens of 
marble cut into prisms of the same length and cross section, to 
ascertain the relative thermal expansion. The same principle is 
evidently applicable to all cases where the measure of changes of 
length or of angle or position is reqnired. It was applied by 
Mr. Saxton in the Girard College M^pietic Observatory, to in- 
dicate changes of magnetic dip and also to magnify tbe motion of 
tbe axis of an aneroid barometer. For this latter purpose the 
case of the instrument is removed and a mirror of about one- 
half an inch square is attached to the Srat axis of motion. 
Tbe aneroid thus fnmished is fastened to a bracket on tbe wall 
with tbe axis to which the mirror is attached placed borixontally. 
At tbe distance of aboot fifteen feet ttom the mirror a telescope 
is permanently adjusted, so tbat the image of a divided scale 
placed immediately below the object glass can be seen in tbe 
mirror. With this arrangement, the slightest change in the 
pressure of the air became apparent. The opening or closing 
of a door, or a gust of wind over the house, produced marked di»- 
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turbtneee id the pressure of the atoiospheric colamn, the extent 
of vbich could be readily meaeured. 

The application by Gauss of the mirror to a magnetic bar to 
magnify its angular variation was enbaeqneut to its Irst dm for 
a similar purpose bj Mr. Saxton. The first applicatiOD bj our 
associate, of the principle of the taming mirror to magnify titu- 
lar motion was as early as 1825. One of his modifications of the 
revolving mirror consisted in fastening obliquely to a revolving 
axis, a small mirror on which, if a ray of light was thrown from 
any source and when a snfBcieut velocity was given to the mirror, 
a lar^ circle of light would be projected on a prepared screen or 
on the ceiling of a room. A rapid reroIntioD was g^ven lo tbe 
asis by a train of wheels driven by a coiled spring, and witb this 
instrument rapid flnctuations in the intensity o( a light conid 
readily be observed. When the ray of light was from charcoal 
points, forming the poles of a galvanic battery, the circle <^ light 
ezbibited a mottled or dotted appearance, indicating a rapid 
alternation of intensity in tbe electrical discharge. 

Among the inreutions which he made aner his return to 
America, was that of a stove for burning anthracite coal. In 
this, the draft was regulated by the different ezpanmon of two 
metals, by which a valve was opened or closed to the required 
extent for preserving the stove at a given equable temp^uture, 
which could be regulated in advance. 

Another invention was that of a method of sealing ofScial 
papers by means of a fusible metal, obviating the necessity of the 
use of wax, which is found to melt in passing iJirough the mail 
in warm countries. The same contrivance is used for fastening 
trade marks on goods. 

He also made a hjdrometer, by which the quantity of spirits 
in a mixture was immediately indicated by the number of links 
of a fine chain, hanging from tbe lower part of a floating bulb^ 
and partly resting on the bottom of the vessel. When the 
strength of the liquor was diminished by the addition of water, 
tlie bulb would float higher, drawing up from tbe bottom an 
additiODal number of links, until the equilibrium was again ob- 
tained. 

It would appear ftma tbe facts relative to the life of Hr. Sax- 
ton, that ho devoted himself to invention more from tbe mental 
pleasure which he derived from this exercise of bis imagination. 
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(ban from any desire for EcieiitiGc repatatioo or for pecaniary 
gain. We hare seen that he published do accouut of hia mag- 
neto-electrical machtoe until he was called upon to defend bis 
claim to the inveuUon, thoDgh it was publicly exhibited in the 
Adelaide Qallery for mouths, and had excited the admiration of 
the many visitors to that establishment; and that altbongh 
several of bis inventions were patented in London, this was 
through the influence of others, who desired to share in the pro- 
lita, rather than by bis own act. Had be secured the exclusive 
right to manufacture the metallic cartridges, of which he was 
undoubtedly the first inventor, he might have acquired wealth 
snffioient to realize the dreams of avarice. The pleasare of ex- 
ereising bis inventive powers, and the gratification of employing 
the prodncts of his ingenuity, were enough for him ; and with 
the characteristic of unselfish genius, be left to others to gather 
the golden apples which be strewed along his path. 

Mr. Saxtou was not a mere practical man in the ordinary 
sense of the term — that is, one who by repetition and empirical 
imitation, becomes expert in the performance of operations de- 
vised by others, and has no knowledge of principles. On the 
contrary, he bad clear and definite conceptions of the scientific 
elements of physical energy in its multiform manifestations, and, 
with an ever-teeming imagination applied them with success. 
He was singularly free from unconditioned speculations, and aU 
though he possessed an imagiuation of great fertility, it was 
always under the control of a discriminating judgment which 
confined its operation to tbe region of the tangible and the 
actaal. 

Such was his habit in the exercise of his invention that he 
could scarcely be prevailed upon to reduce to practice the con- 
ceptions of others, or if at any time in the conrse of his official 
duties be was called upon to perform a work of this kind, it was 
always executed with modifications of his own. 

Mr. Saxton was at no period of bis life a profound student of 
science. He possessed more wisdom than learning ; after having 
obtained a clear and distinct conception of a general principle be 
reflected deeply on this, deduced logical consequences from it ; 
imagined new conditions, and inferred new results. I doubt 
whether at school be was considered a bright yonth, possessing 
the faculty of rapid acquisition. This faculty and that of origi- 
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nal conception are not always foaod m tKe same individual ; so 
far froni this being tbe case, the contrary is the rale and the 
other tiie exception, No amonnt of drilling can make, for exun- 
ple, a first-class engineer if the proper constitution of mind i>e 
wanting. A pupil may in after life disappoiat the expectations 
of bis friends on account of tbe promise founded on an aptitude 
for acquiring expertness in mental operations and a knowledge 
of mles, without a definite coDception of principles. 

Ht Saxton, in person, was considerably above the ordinary 
height, and admirably proportioned. He had a broad and high 
forehead, a conntenance marked by thought and benevolence. 
He delighted, as we have sud, in hunting and fishing, and in 
making excursions on tbe water or in tbe woods in the vicinity 
of Waabington. While he was thus exercising his body, bia 
mind was actively employed; nothing appeared to escape his 
attention. He made a lai^ collection of pre-bistoric implements 
to be found in the vicinity of Washington, and collected speci- 
mens of the geology and mineralogy of tbe District of Golnmbia. 
He was of singularly modest deportment, and only in the com- 
pany of a few persons, and those his intimate acquaintances, did 
he give iadications of his intellectual powers. 

Id 1850 Mr. Sazton married Misa Mary H. Abercrombie, tbe 
granddaughter of a well-known Episcopal clergyman of Phila* 
delphia, and although there existed between himself and hie wife 
a considerable disparity of age, the union was a fortunate one. 
His wife sympathized in his pursuits and aCTectionately adminis- 
tered to bis wants in bis declining health. The issue of this 
union was a daughter, now the wife of Lieut. Pendleton of tbe 
V. S. Navy. 

Within a few hours of the death of our associate his daughter 
gave birth to a son, who having received the name of Joseph 
Saxton, we may hope that he Dossesses tbe germs of the mental 
and moral pecaliaritiea of his grandsire, and will thus not only 
transmit bis name to posterity, but also peculiarities which will 
affect for good coming generations. 

About fifteen years before his death he was suddenly seited 
with a partial paralysis from which he never entirely recovered. 
Another attack followed about ten years later, and after linger- 
ing for two years or more, his power of utterance gradually 
dimiaishing, be became incapable of articulation, and finally, 
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before breathing his last, became nnahle to bold commnDicstian 
with the external world. His end, however, was peaceful, and 
he received from his affectiaaate wife and daughter all the vigi- 
laot care and tender sympathj which ferrent deTotion coald con- 
tribute. 

I tmst, in what I have narrated relative to the life and labor 
of our deceased companion, that he will be deemed worthj of 
having been a member of the National Academ; of Sciences. 
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Ma. President aks Gentlemen : 

Within the year post we have lost a member who may be said, 
witboDt disparagement to others laboring in the same field, to 
hare bebu the foremost American histologist and microscopist, 
aud one of oar most skilfal and accoroplisbed biologists; one tbe 
rnle of whose scientific life was a practical application of experi- 
mental pbiloBopby. A true nataralist, be was an enthusiast, and 
yet iu his methods of study severe, exact, and in all respects 
scholarly. 

Henby James Clabe was bom June 32, 1826, at Easton, 
Massachusetts. Of his early life little information baa been 
obtained except that ho was fond of drawing, an art which proved 
of much service &nd credit to him in after years. 

He received his collegiate education at the University of the 
City of New York, graduating in 1848. 

His first love for science seems to bare grown fi-om his fond- 
ness for flowers. At what age this was manifested we do not 
know, but that it most have been a passion, one determining the 
bent of his life at the time of hia graduation, seems more than 
probable. Immediately after leaving college he taught for some 
time at White Plains, New York. While there, in some of his 
ont-of-door rambles — and he was fond of taking long walks — be 
found a flower which he thought was new. On returning home 
he ascertained that it was not described in Professor Gray's 
Botany. He at once began a correspondence with Professor 
Gray in regard to it, and eventually received an invitation from 
him to go to Cambridge. He went there as a student of botany 
under Professor Gray in 1850, and this may be regarded as the 
date of his scientific birth. While a student at the Botanic 
Garden, be taught the academy at West&eld, Massachusetts, for 
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a BiDgle term, apparently achieving much success as a teacher, 
and forming life-long friendships. 

Soon after this he became a student of Professor Agassiz; but 
his love for tetany never diminished. He studied it in after 
years from the side of vegetable histology and morphology in 
connection with and as illustrating the histology and morphology 
of animals. The inSuence of hia knowledge of botany on his 
zoological studies was marked. It prepared him for his studies 
on spontaneous generation, on the theory of the cell, on the 
structure of the Protozoa and the nature of protoplasm. In 
studying the laaso-cells of the Acalepha, he traced their analogical 
resemblance to the stinging hairs of the nettle. By his intimate 
knowledge of the spores of the smaller Algte be was able to 
point out some of the characters separating the lowest Protozoa 
from the spores of plants, and aid in the work of Thuret and 
others in eliminating from the animal kingdom certain vegetable 
spores which had been originally described as infusoria. 

His first scientific paper was on a botanical subject, "The 
peculiar growth of rings in the trunk of Mkus toxicodendron," 
published in 1856, and this was supplemented by unpublished 
studies on the eccentricity of the pith in Ampelopaia quinque/olia 
and CelanlruB scanderts. He made experiments for a series of 
years on the value of the bark to the life of the tree. He also 
studied certain morphological points. As an example, he observed 
the relation and development of the filaments which connect the 
anthers to the sepals of Comandra umbellata. In bis paper on 
the origin of Vibrio (1859), he showed how the fibrtllffi of the 
muscles during decomposition break up trausversely, the frag- 
ments assuming the form and movements of Vibrios. He also 
made observations on the absorption of albumen in the cells of 
plants. His second purely botanical paper, and the last he pub- 
lished, was on the nature of the glandular dots of the Pine (1859). 
His skill in the use of the fine lenses made by Spencer, of Canas- 
tota, Kew York, enabled him to see more than his predecessors 
of the true relations of these dots. But that his botanical studies 
did not end here may be seen by reference to his diaries, and bis 
frequent allnsions to the lower Algce and. to vegetable histology 
in bis "Mind in Nature." In his walks he often botanized, and 
contributed in this way to Gray's botanical text-books. Thus 
with the training he received from Professors Gray and Agassiz, 
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he looked upon the world of organized beings from both the 
botanical and zoological side. Ho well deserves the name, 610- 
logiai. 

He graduated from the Lawrence ScicDtific School in 1854, 
taking the degree of B.S, He waa for several years the private 
assistant of Professor Agassiz, who early in 1S5T spoke of him 
enthusiastically, remarking to a friend, " Clark has become the 
most accurate observer iu the country." On Sept. 29, 1854, he 
was married to Mary Youug Holbrook of Boston. They had 
eight children, of whom seven are living. Between 1S56 and 
1863 he was associated with Agassiz in the preparation of the 
anatomical and cmbryological portions of the " Contributions to 
the Natural History of the United States." Here his great skill 
and delicacy in the use of the scalpel and pencil won much praise 
from naturalists. Nearly all the plates in the Contributions illus- 
trating the embryology and histology of the turtles and Acalephs 
are signed with his name. The drawings were not only beauti- 
fully worked up, but possessed the merit of extreme accuracy. 

In the use of the microscope, Clark showed not only mechanical 
skill and ingenuity, but a patience, caution, and experience in 
difficult points in histology, which undoubtedly placed him at the 
head of observers in this country, and rendered hira perhaps 
inferior to few in Europe. Ho used the highest powers with a 
skill that few if any living observers have surpassed. He sug- 
gested improvements, carried out by Spencer, at the instance of 
Professor Agassiz, in this instrument The first great microscope 
made in Qermany was constructed in 1829 by Fraunliofer for 
Professor Agassiz. A second, and one pronounced by Clark as 
not surpassed "in all Germany to this very day" (1859), was 
made by Oberb&aser in 1832. In 185T, Professor Agassiz sent 
Clark to Canastota to confer with Spencer, and as the result, a 
microscope was made by Spencer which was fully equal to any 
made at that time in Europe. Clark suggested that we must 
have three kinds of objectives: one with the field extremely flat; 
another, an immersion lens — the first made, so far as wo are aware, 
and now so nniversally used ; — and a " third with a depthing focus 
extending as far as possible beyond that of the ordinary kind, for 
the pnrpose of viewing objects as a whole, in order to ascertain 
the relations of their different parts." This microscope was in 
use in 1859. It should be observed that Clark's high opinion 
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of Spencer's objectives was formed, to nse his own laDgnage, 
"after having tested from time to time some of the best English 
microscopes which have been made since the ' Great Exhibition,' " 
and " therefore I am not to be supposed to have made so great a 
leap OB if from an Oberhauser to a Spencer." He insists on the 
value of a flat field and wide angular apertore, and at the present 
day, fifteen years later, lenses are made with still lower angles of 
aperture than in 1859 for histological studies. During this time 
Clark began the serious study of the Protozoa, undoubtedly com- 
pelled to do so in order to properly interpret the histological facts 
then accumulating in the study of the Kadiates. After leaving 
Cambridge he studied the Infasoria and lower plants, and made 
drawings and notes, comprising descriptions of many new forms 
of Infusoria- Ho planned an extensive work upon this subject, 
portions of which are now in chaise of the Boston Society of 
Natural History for publication. The drawings are of great 
delicacy and beauty, and, had he lived to complete the work, it 
wonld doubtless have been eqnal to if not in advance of Clapar^e 
and Lacbman's famous work on the Infusoria. He did not 
dissociate the Protophyta from the Protozoa, regarding them as 
almost inseparable in nature; thus, as we have ascertained in his 
lectures to his classes, well nigh anticipating Haeckel's classifica- 
tion of the lowest forms of the animal and vegetable kingdom into 
the Protista and Protozoa. 

His assiduous, confining labors seriously injured his health. 
His constitution was not strong. Already, in 1851, we find entries 
in his diary of symptoms indicating that the seeds of the disease 
that was to carry him prematurely off were then sown. He was 
not even then robust, and his life ever after was a struggle with 
disease, and the cares of a targe and increasing family. 

In June, 1860, he was appointed adjunct Professor of ZoSlogy 
in the Lawrence Scientific School, which be held until the expi- 
ration of his term of office; and, in the spring and summer of 186i, 
gave a course of lectures on histology at the Moaenm of Com- 
parative Zoology. In the spring of '1863 arose a sudden and 
unfortunate disagreement with Professor Agassiz, which led to 
the termination of his connection with the Mnseum of Com- 
parative Zoology. In the spring of 1864 he delivered a course 
of twelve lectures at the Lowell Institute in Boston, which were 
pnblished in the same year, under the title of "Mind in Natare; 
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or, the OrigiD of Life, and the Mode of Development of Aaiiuals." 
This is in all reBpeets, for ite usually sound and clear thinking, its 
breadth of viev, and the amouat of origiDal work it contains, per- 
haps the most remarkable general zoological work as yet produced 
in thiB country. If the author had left ua no other work, this alone 
would teetify to years of the severest labor and independent 
thought It anticipated certain points in histology, und the 
■ structure of the Protozoa and Sponges especially, which have 
made the succeeding labors of some European observers notable. 
It is a most readable book, although the style lacks that elegance 
and attractiveness which distinguish some of the popular works 
on science of the present day. 

Professor Clark adopted and strongly urged the doctrine of 
spontaneous generation, from the facts afforded by the experiuients 
of Professor Wjman, and on the question of evolution adopted 
views resembling those of Professor Owen. The original matter 
in the book is that relating to the structure of Bacterium termo, 
and Vibrio baccillua, the theory of the egg and its polarity and 
bilaterality, and the cellular structure of Actinophrys, with many 
other new points relating to the anatomy and physiology of the 
Protozoa and Radiates. The new discoveries and inductions 
give a special value to the woik, and afford evidence of the 
scholarly and thoughtful mind of their author. Few are the facts 
gleaned from other authors which he did not verify, and so fresh 
and suggestive is the mode of treatment, and conscientious the 
spirit of the book, that it will, if we mistake not, remain a classic. 
Certainly there is no work in the English language that covers 
the field it occupies. 

The remaining events in the life of our friend and associate 
may be, alas, too briefly related. In December, 1866, he was 
appointed Professor of BoUny, Zoology, and Geology in the 
Agricultural College of Pennsylvania. He resided at Centre 
County, Pennsylvania, the seat of the College, until April, lBe9, 
when he was appointed to the Chair of Natural History of the 
University of Kentucky. He lived at Lexington, Kentucky, 
until February, 1812, when he was elected Professor of Veteri- 
nary Science in the Massachusetts Agricultural College. 

During this period he suffered much from sickness ; still he 
managed in intervals of college duties to produce some remark- 
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able memoirs. In his first paper on Actinophrys (1863), he dis- 
covered that "all Tibratile cilia originate in the amorphous inter- 
cellular substance," and do not form direct prolongations of cells. 
In 1861 appeared a brief paper in which he showed that Tabn- 
laria was not partbenogenous, having found, bf the aid of Tolles' 
improved qoarter of an inch objectives, that it produced egga. 
rerhaps the most important work be hae done is in bis studies on 
the affinities of the sponges. Id November, 1866, appeared, in 
the American Journal of Science and Arts, a brief paper, entitled 
" Conclusive Proofs of the Animnlity of the Ciliate Sponges, and 
of their Affinities with the InrnBoria Flagellata." While be had 
in hia Lowell Lectures endeavored to show that there was a 
unity of plan ia the organization of the Protozoa, their bodies 
being arranged in the form of a hells, he now endeavored to 
show that the sponge did not depart from the protozoan type. 
By the discovery of a remarkable form (Codosiga) he was enabled 
in it to trace a link, in his opinion, nniting the sponges with the 
flagellate Infusoria, snch as Monas, Antbophysa, and Codosiga. 
In the full memoir, which was published a year after, with numer- 
ous figures, under the title " Spongice CiliatEB as Infasoria Fla- 
gellata," be attempted to establish the homology of the Apellate 
cells, constituting the tissues of the sponge, with the flagellate 
Infusoria. He demonstrated, by the use of the superior objectives 
made by Tolles, that these cells are like Monads, with contractile 
vesicles, nuclei, a collar, and flagellum ; that the sponge was in 
fact a compound monad, and not a compoand amoeba, as insisted 
on by Carter in 1854-5T, and Lieherkuhn in 1856 and 185T. 
This was a great step in advance of previous observers. Cer- 
tainly an organism with cells so highly differentiated as those iu 
the sponge cannot be a plant, and while, as Clark observes. Carter 
had "been the first to present anything like decisive proofs of the 
animality of the sponges," yet this was confirmed and demonstrated 
still more completely by Clark himself. In this memoir he insists 
upon the fact that these simple " monas-like infusoria," making 
up the compound body of the sponge, were undoubtedly endowed 
with a distinct month, afterwards, in 18T1, distinctly seen; while 
Carter described them as engnlfing food like an amcnba, any part 
of the cell acting as a mouth. Of course it is necessary for onr 
author to prove that Monaa is an animal. This he does conclu- 
sively, showing it has a distinct raoutb, with a "lip," into which 
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food is thrown by the flagellum. Tbo cells or zodids of ibe 
sponge (Leucosolenia) agree with MoDaB in all respects except 
that he did not detect the mouth, though he skw currents of 
floating particles which "are constantly whirled in by the flagcUa 
and made to impiogo upon the area within the collar." 

The study of the sponges has since the publication of this im- 
portant memoir been pursued by Oscar Schmidt, Miklucho Mac- 
leay, and Krust Haeckel. Considerable advance has been made 
regarding the organization of the adult, while the young of the 
sponge has been prored to be like the plannla of a radiate, and 
made ap of two layers of cells. Haeckel afterwards assumed, and 
proved, we think, that Clark was wrong in regarding the sponge 
as a compound Flagellata Infusorian, considering Clark's monads 
as simple ciliated cells, provided with a collar. Inasmuch as the 
sponge, then, is made up of two layers of cells, it is not a Proto- 
zoan, but, in Haeckel's view, homologous with the Radiata, among 
which be, in accordance with Lcuckart's views published in 184S, 
consequently places them. 

The last paper he published was entitled, "The American 
Spongilla, a Craspedote, Flagellate Infusorian," in which he 
criticizes Haeckel's views on the affinities of these animals, and 
insists upon their affinities to known Flagellate Infusoria. This 
was published in December, 1871, in the American Journal of 
Science and Arts. An extended memoir on Lucernaria is now 
being published in the Smithsonian Contributions.' 

' One of tlia memoln auoepted for fatnre pnblioation In the CoDlrlbn- 
tlona is oa Lnoernarla, by ProfesBar Hsniy J. Clark. His work ia divided 
Into tno parts ; llie flrat devoted to the "geoeral and oomparaitiTfl tnor- 
phologf," and tha seoood restricted to tbs "auatoni]' and phrBiolt^ of 
Haticljsiia auricula." Id the flrBt part ate three ohaptera ; the first on 
"indiTidoalitj," in which are considered the qae^tions rolating to 
"polaritj and pdjoephaliiiiD," and "tha hjdroid and medusoid cepha- 
lUmB-" Id the second, the thesis that "the t;pe o( form is not radiate" 
is defended, and the fOrni Is described as "the dorso-ventrallj repetitive 
tjpe." The third obapter ia devoted to the oonslderatlon of "antero- 
posterior (oephalo-oandal) repetition," and under tlie heads of " the aoy- 
pbostoma and epliyra varieties ot the sama morpb" and " the iDdividaalit7 
of Pelagia and Lnoemarin." 

In the seoond part are four chapters, the third to seventh of the entire 

work. In the first (third of the work) are described the "general form 

and Btrnotnre," inolnding habitat, habits, form, and size, the proboscis, 

323 
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BuEj with his work at Amherst, and struggling with tlie fatal 
disease (tabes mescDterica) which was rapidly reducing his bodily 
Btrerigth, he wasted away, aad died on the first da; of July, 1873, 
in full possession of his mental faculties. Ho left a wife, seven 
surviving children, and many warm friends to mourn his loss. 

He was a mau of the warmest sympathies, a devoted and 
affectionate husband, a loving brother, and dutiful son ; in many 
respects an admirable teacher, as a lecturer clear and systematic, 
with an enthusiasm that evinced the true naturalist. The secret 
of his success as an investigator may be stated in his own words 
taken from his diary, where he says he made it a rule to practise 
the " utmost rigidity and thoroughness in his researches, without 
regard to time consumed or the value of the results." He had 
the best of teachers, and he made the moat of his opportunities. 
We may look upon the results of his work aa elevating the 
standard of American scientiSc work. 

He was a member of most of the learned societies in this 
country, while his works have been recognized and teferred to 
by some of the leading zoologists in Europe. 

tlie nmbelU, and the pednncle. lu th« Becond U coRi^Idered the "organo- 
grapliy, inolndlng the mils," "theoiaBaiilarByBteiii," "the tantnoleB, the 
m&rginal adbsslre bodiea, or oolIetoafBlophora," "tbe cnadal adherent 
disk," " the digitlform bodiea, or digitatl," " the digestive ayatem," " the 
nerrons tystem," and "the reprodnotire system." 

In a third are embraced the reaalts of stadies of the "etnbiToIogy," or 
varioDB stages of growth of tha xpaciea, inoladiiig observationa on "the 
egg aud the spermatosoa ;" ou "a young Baliclsiiui auricula, nearly one- 
si zteoulh of an inch in diameter;" on "a speolmen three thirty-seconds 
of an inch across the nmbella;" on "a yonug apecimen one-eighth of an 
Inoh across ;" on the " special development of a tentacle, a oolletocysto- 
phore, and a genital gao ;" on the "yonng onn-Bfth of an inch acroea;" 
and on the "yonng six tirenty-flfths of an inoli across." 

In a fonrth ohapt«r the tissaes are considered in an " histology of HnU- 
clptai auricula." and in the several parts of the body — that Is, "the 
nmbellar and podnncniar walla;" "histology of the tentacles;" "histology 
of the colletooystophoren" (anchors) : "hiatolo^y of the caudal disk ;" 
and "histology of tlie digitall" and " the prehensile cysts" (nematocysta 
and oolietoeysts). — Rtport of tkt Board af Regenti of Iht Smilhtonian In- 
ilUuiun/or 1873. Washington, 1874. 
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BIOGRAPHICAL MEMOIR OF JOSEPB WINLOCK. 



Professor Joseph Winlock was bom in Shelby Couoty, 
Kentucky, on February 6, 1826. He died, suddenly, at Cam- 
bridge, Mass., in all the slrength of his manhood, and at the 
height or his useruiueas, on June 11, 1815. The da; before that 
of bis death, be waa at his nsual work, with no warning of bis 
impending fate except from a sense of increasing lassitude which 
he had felt for several weeks. 

His grandfather, a Virginian by birth, was General Joseph 
Winiock, who joined the American army, at the ontbreak of the 
Revelation, when he was only eighteen years of age. He served 
at first as a private, and was afterwards promoted to the rank of 
ensign, lieatenant, and captain. He waa engaged in the battles 
of Oermantown, Brandjwine, Monmouth, etc., and was with 
Washington at Talley Forge. In 1731, be niairied Miss Stephen- 
son of Tirginia, and settled in Kentucky, where he was employed 
in surveying and entering land. He was sent to the Convention 
which framed the Constitution of Kentucky, and, afterwards, for 
some years to the State Senate. He commanded the troops of 
the State which were ordered out to intercept the expedition of 
Aaron Burr in 1806. In the war of 1812, he held the rank of 
Brigadier-Oeneral, and went with three regiments to Yincennes. 

His son. Fielding Winiock, the father of Professor Winlock, 
was born in Kentucky on May 4, 1T8T. He studied law, at first 
in the office of Felix Qrundy, and, after Mr. Grundy's removal to 
Nashville, in the office of Henry Clay. During the preparations 
for the War of 1812, he waa clerk of the committee of the State 
Senate on military affairs, performing also many of the duties of 
Adjutant-Qeneral. He left this position to serve in the army as 
aid to his father, and, in the campaign which ended with the 
defeatof Proctor and Tccumseh, on General Shelby's staff. After 
the war be held, at different times, various places of honor and 
trnst, and died at the advanced age of eighty-Gve. 
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Proressor Winlock was educated at Shelby College, Kentacky, 
wbere be graduated in 1845. At this carlj age hia tastes aud 
acqutrementa were conspicuous; and he received immediately 
the appointment of Proressor of Mathematics and Astroaomy in 
that institution. He devoted his 6rst savings to the purchase 
of a set of the Aalronomische Nachrichlen; and, in order to be 
able to read it, be rose early in the morning to talk German with 
s rude laborer upon his father's farm, before the day's work 
began. Fortunately for himBelf and for science, he attended-the 
fiftli meeting of the American Association for the Advancement 
of Science, which was held at Cincinnati in the spring of 1851. 
It is not among the least of the advantages of this association 
that it brings into notice young men of promise who might other- 
wise live aud die in obscurity, revealing to themselves as well as 
to others, by comparison, their rare intellectaal endowments. In 
this case, the chief of American mathematicians recognized, in 
the Kentucky professor, one who bad mastered and eojoyed his 
own highly condensed treatises, however distasteful they may 
have been to commonplace students and teachers. This happy 
conjnnction of kindred minds resulted in bringing Mr. Winlock 
to Cambridge in 1853. Cambridge was, at that time, the head- 
quarters of the American Epbemeris and Nautical Almanac; a 
great work, ordered by Congress in the Act of March 3, 1849, 
and placed under the superintendence of Lieutenant (now 
Admiral) C. H. Davis. Mr. Winlock Joined the able corps of 
computers, on whose ability and fidelity the life of the Almanac 
depended, aad remained in this service until 1857, when he was 
appointed Professor of Mathematics in the United States Naval 
Observatory at Washington. He had been in this new position 
for only a short time when he was made Superintendent of the 
Ephemeris and Almanac, and returned to Cambridge. 

He vacated this post in 1859, and removed to Annapolis, where 
he had charge of the mathematical department in the United 
States Naval Academy. Soon after the removal of the Academy 
to Newport, in consequence of the war of secession, he was again 
made Superintendent of the Ephemeris and Almanac, and lived 
in Cambridge. During his long tbongh intcrropted connectioa 
with this national work, which has contributed lai^ely to the 
cultivation as well as to the credit of mathematics and astronomy 
in this country, he made many valuable contributions to it, among 
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which that of hia carefully prepared Tables of Mercury was the 
most important 

In 1866, with no effort on bis part, he received the appoint- 
meat of Phillips Professor of Astronomy in Harvard College, 
and Director of the Observatory, To his titles was afterwards 
added that of Professor of Geodesy in the Lawrence and Mining 
Schools of the College. While he was Professor at Shelby Col- 
lege, he had mode bimeeir familiar with the construction and 
maiiipulatioQ of the equatorial telescope. An excellent Merz 
instrument of this description, having a focal length of 9^ feet 
and an aperture of 1^ inches, was the property of that institution, 
and was afterwards borrowed by Mr. Winlock, and mounted at 
Cambridge, for a time, for his private ase. With this exception, 
his scientific labors had been exclusively in the way of the higher 
mathematics, either as teacher or computer. It was not until he 
was relieved from the work of routine, and became Director of 
the Observatory at Harvard College, that he had an opportunity 
to develop and manifest bis remarkable mechanical ingenuity and 
genius for invention. An ample and deserved tribute is paid to 
the memory and the services of the two lamented Bonds (the 
father and the son), when It is remembered that their lives, con- 
secrated to astronomy, founded the Observatory, and won for it 
the sympathy and support of the community. Affection for them, 
and respect for their disinterested zeal, inspired the liberal endow- 
ments which strengthened its early growth. Because the men 
were there, the institution was bom and lived. The buildings 
and equipments of the Observatoiy, under its first directors, put 
to shame many similar establishments in Europe. The posses- 
sion of a magnificent refractor, equatorially mounted, approached 
by a skilfully devised observer's chair, and accommodated under 
an immense dome which was moved with marvellous case, con- 
trasted favorably with deficiencies in instroments and machinery 
at older observatories, and gave to the one at Cambridge, at 
once, a name and a rank among the best in the world. With 
delicacy and disinterestedness of feeling, eminently characteristic 
of Mr. Winlock, his first thought, on assuming the diities of 
Director, was for the reputation of his predecessors, with which 
the reputation of the Observatory was intimately associated. As 
rapidly as the resources of the Observatory permitted, he provided 
for the reduction and publication of their nnfiDiBhed work. Thns 
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the Annals of the Observatory have been enriched by a volnme 
on SuD-Spots, and others on a catalogue of Zone-Stars. Another 
is yet to appear containing a catalogne of Polar and Clock Stars. 
But it was impossible for the Observatory to maintain its high 
standing and remain stationary, while the old observatories else- 
where were remodelled, refurnished, and prepared to start upon 
a new career; and young observatories, richly appointed, were 
springing up in both hemispheres. The inventory of instruments, 
at the disposal of the Bonds, comprised the large equatorial, a 
five-foot equatorial, a fouv-foot transit-eircie, a Bond clock and 
chronograph, two clironometcrs, and a set of Lloyd magneto- 
meters for obtaining the elements of the earth's magnetism. 
During the nine years of Mr. Winlock's vigorous administration, 
the instrumental appliances of the Observatory were strengthened 
in all directions. A seven-foot equatorial by Clark, another 
Bond chronograph, a Bond standard -clock with break-circuit 
attachment for transmitting time-signals, a Frodsham sidereal 
clock, a Frodsham break-circuit sidereal chronometer (the original 
device of Mr. Winlock), a mean-time chronometer, a tbermometric 
chronometer, a photographic telescope of long focns, a Russian 
transit, made in the workshop of the Fulkowa Observatory, a 
Z611ner astro photo meter, a large Ruhmkorff coil, various spec- 
troscopes and self-recording meteorological instruments; all this 
rapid increase of resources, while it added to the power, greatly 
multiplied the responsibilities of the Director. The costly transit- 
circle, though constTQcted upon the best models and by the most 
excellent artists, had always proved a failure and a disappoint- 
ment ; as Mr. Bond supposed , from fatal iDJuriea which it received 
in its transportation. Though it was useful as a transit- instru- 
ment, implicit reliance could not be placed in it as a circle. The 
consequence was, that the great equatorial was too frequently 
called away from its legitimate work to do the duties which 
belonged properly to the circle. Mr, Winlock was not long in 
inspiring the friends of the Observatory with that large measure 
of confidence in his capacities and his sound judgment which 
prompted them to contribute over $13,000 for the purchase of a 
new meridian circle. In the aatumn of 18GT, Mr. Winlock went 
to Europe, and spent four months in visiting the principal obser- 
vatories, and acquainting himself with the latest improvements 
in instrumeuts, and especially in circles. Having studied the 
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adrantages and the defects ia the highest class of meridian 
JDstruDietits, he blindl; copied no ODe of them-, hot suggested 
valuable modifications, with the view of securiiig greater stability, 
iQcrea»ed precisioD of movGraent, and the most complete facility 
of observation. The improTements which ho suggested were 
warmly approved and promptly adopted by the artists whom he 
preferred, Troughton and Simms of London; liis modiGcations 
of the old conatrnction have been fully jastified by the results 
since the dcw circle has been put to work, and other astroDomers 
have given the best indorsement by copying tbein. Tlie eminent 
astronomer and mathematician, J. C. Adams, now President of 
the Royal Astronomical Society, ordered a circle from the same 
artists and of the same pattern for Cambridge, in England. In 
November, 1870, when the new instrument was ready for use, 
Mr. Winlock turned it upon the zone of stars between 50° and 
55° of north declination. When the whole field of observation 
was divided between the different members of the Aatronomische 
Gesellschafi, this was the share which fell to the Observatory of 
Harvard College. Already 15,000 observations have l>ccn made 
upon the zone-stars, and in two years more the great work will 
be completed. In 18fi7, Mr, Winlock had directed a series of 
observations with the old meridian circle for the purpose of 
obtaining an extended list of accurately placed time-stars. The 
utility of a larger catalogue of time-stars bad been evidenced in 
the operations for the determination of longitude conducted by 
the United States Coast Survey, of which Mr, Winlock was con- 
sulting astronomer. These observations, which assigned exact 
places to stars only two minutes apart in rigbt-asccnsion, but 
differing widely in declination, were finished in December, 1868, 
and have been reduced and printed. In 1871-72, tlie same stars 
were reobserved with the new circle, and again for the third and 
fourth times in 1874 and 1875. An additional set of stars is 
required for the instrumental constants, expressing errors in 
azimuth, collimation, level, etc. For this purpose 5000 observa- 
tions were made with the new circle in 1873 and 1874, intended 
to serve as the basis of an improved catalogue of polar stars, and 
they are now ready for publication. Therefore, no time bos been 
wasted in reaping the full beneiits of the new instrument, although 
the 30,000 observations olready made with it are only the first- 
fruits of the happy devices of Mr. Winlock. These materials, to 
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which must be added a catalogue of new double-stars, dissected 
bj tlie great refractor, and a most laborious and esbaoaiive work 
upoQ stellar photometry, will maguify the forthcoming volumes 
of the AanaJs of the ObserTatory, and be a worthy monumeut to 
the skill and perseveraace of the Director and bis gifted and 
faithful coadjutors. 

In 1869, Mr. WiDlock waa instructed by Professor Benjamin 
Peirce, then Superintendent of the TJuited States Coast Survey, 
to proceed to Kentucky at the head of a party destined to co- 
operate with officers of the surrey iu observing the total eclipse 
of the suD, on the 7th of Angust. Mr. Winlock gave his atten- 
tion, particularly, to the physical aspects of the eclipse, examin- 
ing the photosphere and the chromosphere with the spectroscope, 
and taking eighty photographs of the eclipse, in ail its phases, 
seven of them during totality. It was his habit to think out 
every subject which engaged him for himself; and, when he 
acted, he seldom followed in the wake of other men. He found 
good reasons for rejecting the method of photographing which 
had been tried in Spain on occasion of the total eclipse of 1860, 
and which other American astronomers were preparing to imitate 
in 1869. As be wished, most of all, to secure a good picture of 
the corona, he placed the sensitive plates at the focus of the 
object-glass, thereby economizing the light, and avoiding the 
distortion by the eye-piece. His success was highly satisfactory. 
In the best of the pictures, he immediately recognized the fact 
that the corona was broader in the direction of the sun's equator 
than along the axis. He had arranged for obtaining numerous 
views of the partial phases of the eclipse, in the hope of extract- 
ing from them valuable information as to the use of photography 
in observing the transits of Ycnns. To this end, he was after- 
wards authorized by the Superintendent of the Coast Survey to 
engage Messrs. Alvau Clark and Sons to construct a micrometer, 
adapted to the nice measurement of distances and positions on 
the photographic plates. The Annals of the Observatory will 
contain a description and engraving of this micrometer, and an 
account of the measures made with it, with varions representA- 
tions of the eclipse copied from the photographs. 

At this time, no one except Mr. Winlock had succeeded in 
obtaining a photograph of the corona during any solar eclipse. 
Although his photographs were only | of an inch in diameter. 
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they seemed to promise tneaaarements, made nnder a microscope, 
wbicb would compare faTorably with the best that could be far- 
nisbed by meridian instruments. A larger image would be still 
better; but this required a telescope of formidable lengith, and 
ditBcult to manipulate. To surmoont this obstacle, Mr. Winlock 
couceiTcd the idea of a horizoatal telescope, to be fed by the light 
from a beliostat. He was convinced that a transparent reflector 
would Im better than a silvered mirror, as it would weaken the 
light, and supersede the necessity of making the time of exposure 
iuconveniently short. Moreover, as the instantaneous action of 
the light was often sufficient, the beliostat was unnecessary. Soon 
after his return from Eentucky he gave an order to the Messrs. 
Clark and Sons for a lens of four inches in aperture and forty 
feet in focal length, which, after some preliminary trials at their 
shop, was ready for use at the ObserTatory in Jnly, 1870; and, 
Bince then, has been in constant employment for procuring pho- 
tographs of the sun. The lens is mounted npon one pier, the 
reflector npon another, and the camera npon a third pier. The 
tube used for excluding the daylight is disconnected from the 
essential parts, so as not to disturb their stability. 

At the request of the Superintendent of the United States 
Coast Survey, Mr, Winlock organized and directed one of the 
parties sent to the south of Europe to observe the total eclipse 
of the sun on December 22, 1870. He selected Jerez de la 
Frontera, near Cadiz, as & favorable station, and was assisted 
by one experienced officer of the survey, by several eminent 
astronomers and physicists, and by one of bis own staff at the 
Observatory. Among the physical and astronomical instmments 
which he prepared for this expedition was a lens of 32^ feet in 
focal length, to be used in the manner just described for instan- 
taneous photographs. At this time, Mr. Winlock's method was 
widely known and highly appreciated, and every party which 
went into the field to observe this eclipse had decided to dispense 
with an eye-piece, and photograph in the focus of the object- 
glass. Unfortunately all the parties, European and American, 
failed, by reason of bad weather, in obtaining a picture of the 
corona, except the party in Spain; and there, also, the sky was 
not favorable for the best results. All the observers who went 
to India to photograph the total eclipse of 1871 preferred the 
same method, and were successful. Lord Lindsay applied it at 
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the Mauritius in couDection nitb tlie liorizoDtal telescope. A 
telescope of long focus is oot a new thing ; a telescope placed 
upoQ the groQDd ia not a new thing ; there ie no novelty about 
the heliostat; more than one person may have diecovered the 
advantage in photographing which belongs to telescopes of great 
focal length. Nevertheless, the adaptation to photographic pur- 
poses of a telescope of long focus, 6xed horizoutally, and used 
without au eje-piece or a beliostat, is original, and whatever 
merit there is in it belongs to Mr. Winlock. 

In aformer generation, an eclipse of the sun excited the interest 
of astronomers, as furnishing the means of verifying or correct- 
ing the dynamical theory, or giving differences of geographical 
longitade. It is the consolation of science, that aa fast as old 
fields are exhausted new ones call loudly for cuHivatioD. Aa 
soon as one question is settled and curiosity flags, another problem 
springs into life and a fresh interest is bom. The old ambition 
to fit out a comet with its orbit has yielded to the passion for 
knowing more about its pbysical changes and constitution. Now 
that the law of gravitation asserts an unchallenged supremacy in 
the solar system, the complex structure of the sun and the origin 
of the Bolnr radiations claim a share of the astronomer's atten- 
tion. In this way physical astronomy has acquired a new mean- 
ing; and a physical as distinguished from an astronomical 
observatory, either under the same or an independent superin- 
tendence, is one of the necessities of today's astronomy. It has 
been largely in the intereat of physical astronomy, in this new 
sense, that observers have traversed continents, crossed oceans, 
and taken up their quarters in desolate islands, wherever a total 
eclipse of the sun or the transit of Venus bos invited them. 
Where special physical observatories have not been started, the 
old obserratoriea must assume their work, but not to the preju- 
dice of the preferred duties of an astronomical observatory. Mr. 
Winlock gave a liberal portion of his time to celestial spectros- 
copy, and stocked the Observatory with the requisite instruments, 
and of the best class. These little instniments divided with the 
larger ones the benefits of his inventive spirit. In his two eclipse 
e-xpeditiona, he provided abundantly for the spectroscopic exami- 
nation of the sun's surroundings, catching the sun itself in the 
reversal of the lines, and witnepsing other interesting transforma- 
tions. The secret of bis success lies in the direction of his rule 
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of having a defioite idea of what be wished to do, and the best 
way of doing it, before goiDg into the field. He went to Spain 
with the purpose of studying especially that faiater portion of 
the sun's corona which ie outside the limits of the best photo- 
graphy. His experience iu the Keutucky expedition had taught 
Lira that much valuable time is lost in the brief duration of 
totality, when the position of the dark or bright lines is registered 
by means of a scale which niuat be read and recorded at the time. 
To meet this diCBculty, he invented the simple expedient of 
graving corresponding lines upon a silver plate, previously 
graduated by a few standard spectral lines. The differences 
could be leisnrely measured at some future time. This improve- 
nient was promptly adopted by the English astronomers, and 
applied by them to the eclipse of 1870. Mr. Winlock was of 
opinion that his contrivance would be nseful in observing the 
spectra of comets and nebule, and wherever the lines were faint. 
It might also be convenient for finding declination with meridian 
instruments. Another device was the use of a mirror to reflect 
the slit, and enable the observer to place it npon any part of the 
snn's image without the help of an assistant. 

In January, 1854, the Hon. R. C. Wiuthrop, Chairman of the 
Committee of the Board of Overseers of Harvard College, ap- 
pointed to visit the Observatory, reported that the Observatory 
time was sent to Boston for the regulation of marine chronome- 
ters, for the arrangement of railroads, and for the general con- 
venience of the people through a tai^e part of 14'ew England. 
He adds: "The importance of such a system to the basiness 
operations of the community can hardly be over-estimated." At 
this time the signals were sent to Boston by way of Watertown, 
Brighton, and Roxbury, a circuitous line of twelve miles in length, 
and the wires were often broken. In 1856, a loop connected the 
Observatory with the Fitchburg line, and was owned by it until 
1862. This has, of coarse, been available for the occasional 
transmission of time; but it was designed for the determination 
of diETereucea of geographical longitude, in connection with the 
United States Coast Snrrey; a service which began under tho 
administratioD of the first Director, and has been continnally 
expanding, until it has taken into its embrace the Pacific coast 
and the western shore of Europe. In 1866, the necessities of the 
Coast Survey demanded that the loop shonid be renewed between 
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the Observatory and tbe main lines of the couctry; and this was 
done at the expense of the survey. From its fouodatioo, the 
Observatory, in one way or another, had fornisbed esact time to 
the community gratuitousiy ; for which, elsewhere, observatories 
receive a liberal compensation. In 1812, Mr. Winlock introduced 
improvements which have made this service more widely and 
constautly nsefnl, and at the same time remnnerative. A con- 
tract was made for a special wire between Cambridge and Boston, 
which should not be diverted to any other business. An attach- 
ment to the mean-time clock of the Observatory interrupts the 
Toltaic current once in each two seconds, omitting the last break 
of every minute, and the last thirteen breaks of every five minutes, 
80 that there can be no mistake as to the identity of any second 
or minnte. Branch wires unite the City Hall of Boston, the 
telegraph offices and railroad depots, and the principal clock and 
watch factories and warehouses with the first wire. In some 
places, an electro-magnetic clock is used, coutrolled by the 
Observatory clock; but a cheap vibrating armature is all which 
is necessary, and is generally employed. The superiority of the 
new system is here: clocks, watches, and chronometers can be 
compared with the best standard time, not merely once a day, 
but at any moment ; and the public have appreciated and 
rewarded it. In one sense, it may be always said that time is 
money. In this instance, the Observatory time has opened so 
good a market that it has yielded a yearly Income of $2000. 

In 1872, Mr. Wintock begon to prepare a series of astronomical 
engravings, which should represent, with sufficient accuracy, the 
most interesting objects in the heavens, as they appear in the 
powerful inBtruracnts of the Observatory. This work was 
intended for the benefit, not of astronomers, to whom the 
"Annala" are accessible, and precise measurements are indis- 
pensable, but of a larger class of readers, who, without pursuing 
astronomy as a specialty, are interested in following its progress 
and achievements. Thirty-five large plates, beautifully executed 
ftom the most carefully prepared drawings and photographs, were 
completed at the time of Mr. Winlock's death, and wait only for 
a few pageB of letter-press to be ready for publication. They 
will gratify the scientific public with admirable representations 
of the planets. Mars, Jnpiter, and the ring-encompassed Saturn; 
of the sun's spots, protuberances, and corona; of the moon's 
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craters and geography ; of seven of the most famouB clusters and 
nebulfe; of Dotiati's comet of 1858, and Coggia's comet of 18T4, 
in some of their wonderful tranaformalions. 

In August, 1874, Mr. Wiolock was appointed by Secretary 
Bristow chairman of the commission established by Act of Con- 
gress for making inquiries into the causes of steam-boiler explo- 
sions. He entered into this investigation with remai^able energy ; 
carefully analyzed the various theories which had been suggested 
to explain this class of accidents; and ended with devising & 
number of ingenious experiments calculated cither to confirm or 
refute them in detail. The arrangements were nearly completed 
for making these experiments at Sandy Hook and at Pittsburgh, 
when death put an end to his labors. 

In the early part of his active career, Mr. Winlock was known 
and trnsted as an accomplished teacher and an excellent mathe- 
matician ; well versed in theoretical astronomy, and capable of 
applying it in laborious and responsible calculations. These 
qualifications pointed him out as a proper person to be made 
director of an observatory. With his new opportunity, he 
developed other talents, which, if not indispensable, were none 
the less valuable in his changed condition. It might have been 
expected that his clear mathematical mind would easily compre- 
hend the physics and the geometry of the instruments whose 
usefulness he was to guide, and seize upon any defects which 
might exist in their construction. In devising remedies for these 
defects, as simple as they were sufficient, he displayed an origi- 
nality in bis mechanical ideas, and a spirit of invention, which 
left nothing wanting to fill out the measnre of a consummate 
director. Without any passion for innovation, or any conceit of 
his own methods, be was not afraid to leave an easy and well- 
worn path, or disturb the most time-hallowed routine, if he could 
give good reasons for the change. The life of an assistant at an 
observatory, obliged to work while other men sleep, exposed to 
the caprices of the clonds, made nervous by the irregularity of 
his honrs, the nice handling of his instruments, and the delicacy 
of the work expected of him ; disappointed at the critical moment 
in realizing the fruits of anxious days of preparation : such a life 
is dependent, in no small degree, not only for its happiness, but 
its endurance even, upon innumerable and indescribable little 
facilities for observation, which individually are not worth the 
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mentioD, but which in the aggregate tell distinctly npon tbe 
saccees and the comfort of the profeesioD. In liis many ionova- 
tions, of which every room and each iustrument in the Observa- 
tory is ft witness, Mr. Winlock was not misled by any theoretical 
abstractioDS, bat moved always within the limits of practical 
good sense. 

In his administrative capwity, which was tested to tbe Naatical 
Almanac, at the Observatory, and on two eclipse expeditious, 
Mr. Winlock evinced a disinterestedness, a strength, and a 
traoqaillity of mind, which commanded the respect and won the 
afTectioQ of his associates. Hia leadership was nowhere asserted, 
but everywhere acknowledged. A man of few words, bnt of 
much thoDght; of no pretensions, but of great performance; be 
did his own part patiently and well, and by his example inspired 
others to do theirs. The mi^nitude and tbe variety of work 
embraced in his programme, none of which snETered by defanit, 
certify to the prudence and the vigor with which his forces were 
selected and marshalled. 

In his private life, Mr. Winlock was exceptionally quiet and 
retiring. But little inclined to general society, be was full of 
hospitality. His happiness was not complete without a few very 
intimate friends ; and he had no enemies. He was remarkably 
silent before strangers ; but no one talked more or better in the 
circles which be loved. Indisposed as he wns to take up bis pen, 
when be wrote his words were as traosparcnt as his thoughts. 
Modest and witbont self-assertion, he had as much as any other 
man tbe court^e of bis own opinions. Slow to put himself for- 
ward, he was genial and accessible; giving his time and his 
instruction freely to all who asked; never hoarding up a dis- 
covery for his own exclusive benefit, but sharing with all bis last 
thought and bis newest invention. He was keenly alive to the 
ridiculous; bnt there was no ill-nature in his criticisms. Pre- 
tence and charlatanism in science amused him; but they did not 
destroy his equanimity. Without any sel^sh aims, he t^ok so 
security for bis own discoveries and inventions; so that others, 
. less scrupulous than he was, too often entered into his labors. 
His friends sometimes wished that his ambition had been more 
aggressive; but perhaps be was wiser, in tbe simplicity of his 
character and the purity of his motives, than the men of this 
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generatioD. The disi-overiea and inventions which lie did uot 
claim for biinseif will be vindicated for him. 

Id an age of bribery and con-nption, every example of honor 
and fidelity in the execution of a public trnut is to be cherished. 
In an age, when superficiality is preferred to depth, when tlie 
aspirants for Bcientific distinction sometimes forget to be just, 
and even the stars of heaven are obscured by the dust of earth, 
every life consecrated to honest study, not deflected from its high 
path by the love of popular applause, silent in its own strength, 
as the planets whose courses it folions, is a blessing and a legacy 
to mankind. In an age, when priority of discovery often counts 
for more than the advancement of haman knowledge, and the 
valne of inventions is read only on the patent-rolls, the seeds 
which are scattered broadcast by the roadside and not selfishly 
garnered in some private granary, though the sower may have 
no sense of his own merits, will moke the harvest of fntnre 
science. The deep impression which a quiet, unobtrusive, self- 
poised career, like that of Mr. Winlock, makes npon the com- 
mnnity, can never be known until it is finished. And then we 
see the beautiful spectacle of all — friends and strangers, those 
who knew him best, and those who seemed to know him hut 
little — spontaneously offering the tributes of gratitude and affec- 
tion which they would have refused to the noisy claimant This 
is the best hope and the highest reward of science. 



Sbt Bonl and stalwart, man of patient will 

Through jetn mte bair'B-br«adtli on odt Dark to gaii 

Who, rrotn the stars he stndied not In vain. 

Had loaniwd their teor«t to be strong and itill, 

Caralesa ot fames that earth's tin tratopets fill ; 

Born under Leo, broad of bnild and brain, 

He watched while others slept, <n that bnshed fane 

Ot Soienoe, only witnesB of his skill ; 

Sadden as falti a shooling-Btar he fell, 

Bot ineztlagnlBbable his lamlnouB trace 

In mind and heart of all that knew him well. 

Happ7 man's doom I To bim the (alas were known 

Of orbs dim-bovering on the skirts cf spaas, 

ITnpreBoient, Ihrongh Qod's meroj, of bis own !' 

' J. R. L. 
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